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ABSTRACT 

The Forestry/Natural Resources Sector in the Office 
of Training and Program support of the Peace Corps conducted an 
agroforestry inservice training workshop in Honiara, Solomon Idands, 
in 1983. Participants included Peace Corps volunteers and their host 
country national counterparts from six countries of the Pacific 
Islands and Asia (Western Samoa, Fiji, Papua New Guinea, Philippines, 
Thailand, and the Solomon Islands) . The workshop design combined 
technical presentations with appropriate hands-on experiential 
learning sessions. One of the principal goals of the workshop was to 
train teams of Peace Corps volunteers and host country counterparts 
in the concepts of agroforestry while at the same time strengthening 
their personal relationship. Emphasis also was placed on broadening 
the participants' knowledge of different extension techniques and 
strategies and providing them with an opportunity to practice those 
techniques. The workshop also stressed the role of women in 
development, especially in forestry. The actual sessions on 
agroforestry focused on the ecological, economic, social and 
technical aspects. They included an historical overview; advantages 
and disadvantages; tree, crop, and animal production within a system; 
nitrogen fixing trees; project planning; seed selection and storage; 
and fruit tree preparation and management. (This document contains 
outlines of the training sessions as well as technical information on 
agroforestry.) (KC) 
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EXECUTIVE SUMMARY 



The Forestry/Natural Resources Sector in the Office of Training & 
Program Support of Peace Corps conducted an Agroforestry In-service 
Training Workshop in Honiara, Solomon Islands, from October 23 - 29, 1983. 
Participants included Peace Corps Volunteers (PCV) and their Host Country 
National Counterparts (HCN) from six countries of the Pacific Islands and 
Asia. Those countries represented included Western Samoa, Fiji, Papau New 
Guinea, Philippines, Thailand and the Solomon Islands. Of the 33 par- 
ticipants in the workshop, 21 were Peace Corps Volunteers and 12 were Host 
Country National Counterparts who in most cases work directly with the 
Peace Corps Volunteers on their project/program. 

The workshop design combined both technical presentations with 
appropriate "hands-on" experiential learning sessions. It was designed to 
meet the needs of the participants as expressed through cable traffic and 
data collected during a pre-research trip to the Solomon Islands in June. 

One of the principal goals or the workshop was to simultaneously train 
counterpart teams of PCVs and HCNs in the concepts of agroforestry while at 
the same time strengthening their personal working relationship. 

Emphasis was also placed on broadening the participants' knowledge of 
different extension techniques and strategies and to provide them with an 
opportunity to practice these techniques. As important components of the 
extension strategy, site survey and information gathering skills, activi- 
ties of great importance to the extentionist, were discussed and improved 
through hands-on activities. 

We also stressed the role of women in development, more specifically 
women in forestry, and the importance of integrating women into the entire 
process of project planning and implementation for a holistic approach to 
human resource utilization and development. 

The actual sessions on agroforestry focused on the ecological, econo- 
mic, social and technical aspects. They included an historical overview; 
advantages and disadvantages; tree, crop and animal production within a 
system; nitrogen fixing trees; project planning; seed selection and 
storage; fruit tree preparation and management. 

The goals of the workshop were met to the satisfaction of the workshop 
staff. Most importantly, the unique opportunity of training both Peace 
Corps Volunteers along with their respective Host Country National 
Counterparts proved very effective and beneficial in strengthening and 
building a more confident working relationship b'' ween them. In addition, 
each participant, as part of a group, prepared an oral presentation related 
to their field trip experience in which they utilized their extension and 
survey methodology skills. This experience along with the other sessions 
provided them practical "hands-on" experience hopefully giving them more 
confidence in recommending and incorporating, where appropriate, tradi- 
tional or new systems of agroforestry in accordance with the local needs 
and conditions of their work sites. 
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FOREWORD 



Through the joint PC/AID Collaborative Forest Resource Management 
Initiative (PASA), Peace Corps has been able to design and pilot technical 
natural resource in-service training workshops (1ST) for each of the three 
regions. These workshops have been designed to provide technical training 
for both PCVs and their Host Country National Counterparts. Through these 
pilot in service trainings, training aids have been developed to be used by 
the countries in the respective regions to assist in the design and imple- 
mentation of their own natural resource ISTs. The Solomon Islands 
Agroforestry 1ST was the fourth completed under this PC/AID joint effort.- 

The proceedings of the Solomon Islands' 1ST have been compiled as a 
training aid for the NANEAP Region. The sessions included here may be used 
as guidelines when planning future ISTs and modified as needed to fit each 
country s specific requirements. You may find that particular sessions are 
not appropriate to the needs of certain countries and may/should be deleted 
or you may wish to add other topics not covered here. Whatever the case, 
we hope that this material will be of assistance to you and facilitate the 
designing of future agroforestry in-service training workshops. 
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COMMENTS AND RECOMMENDATIONS 



This segment of the report is devoted to guidelines we feel are absolu- 
tely indispensible to careful, proper planning and implementation of ISTs. 
The following are a few comments and recommendations that may be of 
assistance when planning future agroforestry workshops. 

0 When conducting "needs assessment" and pre-research for an 1ST 
similar to this one, it is very important that the Host Country 
National Counterparts and possibly their supervisors be inter- 
viewed as well as PCVs. 

0 When planning the design of the workshop, choose only two or three 
of the most commonly expressed needs to focus on during the imple- 
mentation. Do not try to cover too many topics at one workshop. 
If expressed needs are too broad to be covered adequately in a 
single 1ST, a second workshop may be appropriate. 

0 Eight or nine days seems to be adequate time to implement a 

complete workshop. Scheudule one day in the design for free time 
to provide participants a recess. 

0 A dual purpose facility for housing the participants as well as 
facilitating the training sessions is highly desirable and pre- 
ferred. However, if such a facility is not available, try to 
arrange the location of the housing and training facility in such 
a way that their proximity allows for the minimum travel time from 
one to the other. This may require the use of a bus for 
transporting the trainees. 

0 We found that daily staff meetings were invaluable. Both an ini- 
tial team building session prior to the commencement of the 
workshop and nightly staff meetings are a must. The nightly 
meetings were to review the accomplishments of that day and make 
the necessary and appropriate changes in the subsequent sessions. 

0 A training session plan for each topic of training should be pre- 
pared by the instructor in advance of the 1ST and made available 
to the staff for discussion to ensure that the topics are ade- 
quately covered and that the session flows smoothly with previous 
and subsequent sessions. 

0 When making preparations for the field trip, we cannot overempha- 
size the importance of careful planning. It is absolutely crucial 
that the plans you make be coordinated with the community leaders 
or institutions you plan to visit so that they understand what is 
to take place and how they fit into the scheme. We went through 
the agriculture extension service when choosing the community to 
work with in the Solomon Islands which proved to be very advan- 
tageous. 
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As much hands-on" (experiential learning) training opportunities 
as possible should be incorporated into the workshop design. This 
IS fairly difficult in the area of agroforestry; however, if tra- 
ditional or demonstration systems are available, we recommend that 
a short visit be arranged. 

For specific sessions: We recommend that the session on counter- 
parts and Women in Development (WID) be scheduled as two separate 
one hour sessions. They are both very important issues and 
deserve separate attention. However at the same time, they are 
very much related and should be linked/bridged on the agenda. 

We recommend that the session on silvo-pastoral systems include 
all farm animals in general and expand on how they can be incor- 
porated into a silvo-pastoral system. A suggestion would be to 
include chickens, pigs, sheep, ducks, goats, rabbits, etc. In our 
workshop, we dealt principally with the large farm animals. 
Although valuable, we felt that it was limiting; therefore the 
reason for expanding the scope of animals to be covered. 

Because this workshop is designated agrof orestry. we suggest, 
depending on space availability, incorporating agriculture PCVs 
and their Host Country National Counterparts into the program. In 
some countries, we have witnessed a teaming-up of agriculture and 
forestry volunteers to implement very successful agroforestry pro- 
jects. If people working in these two areas are trained together 
we feel that collaborative efforts among them could be Immensely 
improved. Further, the added benefit of information exchange 
among people brought together for such a training program should 
serve as an additional incentive to design workshops for such a 
mix of PCVs. 
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TRAINING PROGRAM GOALS AND OBJECTIY€S 



GOALS 

0 To develop a stronger and more confident understanding and working 
relationship among Peace Corps Volunteers and their respective Host 
Country National Counterparts. 

0 To identify and improve needed skill areas in agroforestry, site survey 
methodologies and development strategies. 

0 To broaden the participants knowledge of a variety of potential 

forestry extension techniques and enable them to practice these tech- 
n1 ques . 

0 To give the participants confidence in recommending and incorporating, 
where appropriate, traditional or new systems of agroforestry in accor- 
dance with the local needs and conditions. 

0 To recognize the role of women in forestry and Integrate women into 
community analysis and project planning for a holistic approach to 
human resource utilization and development. 

0 To provide participants the opportunity for Information sharing on spe- 
cific forestry Issues and practices In their respective countries of 
service. 

OBJECTIVES 

0 Working in groups, counterparts (PCVs and HCNs) will gain an Improved 
understanding of each other and thereby enhance their working rela- 
tionship. 

0 Through lectures and field/site visits, participants will augment their 
knowledge and understanding of the environmental, economic and social 
implications of agroforestry practices. 

0 Trainees will view and discuss traditional methods of agroforestry 
practices In Asia and the Pacific and discuss those practiced In their 
respective countries. 

0 Analyze the environmental, economic and social aspects Involved In 
carrying out an agroforestry project on a specific site. Participants 
will then prepare and present an integrated plan for the improvement of 
the site. 

0 Participants will examine various extension methodologies and experi- 
ment with a variety of extension techniques. 

0 Participants, through "hands-on" exercises will understand the prin- 
ciples of grafting and pruning fruit trees. 

0 Participants will gain "hands-on" experience in nursery management 
techniques. 

.11 
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AGENDA FOR ' " 
A6R0FORESTRY WORKSHOP 



Honiara, Solomon Islands 
October 23 - 29, 1983 



Saturday. October 22 

1300 - 1500 Staff Meeting: Team building Session (Fillion. Weeks, Dupre, 
Vergara, MacDicken, Schenk and Burwell) ■ 

Sunday^ October 23 

1730 - 1830 Welcome - Staff Introduction (Fillion, Acting PCD Solomon 

Islands) 
1830 - 1900 Toast 
1900 - 2000 Dinner 

Monday. October 24 

0800 - 0815 Workshop Administration (Weeks) 

0815 - 0930 Expectations (Burwell) 

0930 - 1000 Goals and Objectives of Workshop (Burwell) 

1000 - 1015 Break 

1015 - 1115 Counterparts (Dupre, Fillion, Vergara) 

JJiS ■ Role/Slide Show (Dupre. Fillion) 

1200 - 1300 Lunch 

1330 " 1515 Concepts of Agroforestry, History and Development. 

Classification and Comparisons of Agroforestry Systems 

(vergara) 
1515 - 1530 Break 

1530 - 1630 Ecology & Conservation (Schenk) 
1630 - 1730 Land Use Planning (Senter) 
1730 - 1745 Break 

" ^^^^ Presentation of Agroforestry Projects (Burwell) 
18-0 - 1900 Review & Processing (Burwell) 
1900 - 2000 Dinner 
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Tuesday, October 25 



0700 - 0745 Breakfast 

0800 - 1600 Visit Agroforestry Sites. Information gathering and site 

observations. Lunch in the field. 
1600 - 1630 Return to Hotel 

1630 - 1730 Ecological, Economic and Social Advantages of Agroforestry 

i-7on Systems (Vergara) 

JonS " ?5S2 & Processing (Burwell. Vergara) 

1800 - 1900 Dinner 

?900 - Slide Presentation (Participants) 

Work on Agroforestry Projects 
Staff Meeting 

Wednesday, October 26 
Breakfast 

Nitrogen-Fixing Trees: Role in Agroforestry Systems; 
Potential and Limitations (MacDicken) 
Break 

Nitrogen-Fixing Trees: Species Selection & Regeneration 
(MacDicken) 
Lunch 

Agroforestry Project Planning (Vergara) 
Break 

Agricultural Crops in Agroforestry (Dupre) 
Review & Processing (Burwell, Pillion) 
Slide Presentation (Participants) 
Dinner 

Slide Presentations Continued vPartici pants) 
Staff Meeting 



0700 




0745 


0800 




1000 


1000 




1015 


1015 




1200 


1200 




i300 


1330 




1500 


1500 




1515 


1515 




1715 


1715 




1745 


1745 




1900 


1900 




2000 


2030 







Thursday, October 27 
0700 - 0745 Breakfast 

nlnn " ?n2S Si 1 vo-Pastoral Systems: Cattle Under Trees (Knight) 

" ???? Agroforestry and Fuelwood Production (MacDfcken) 
1000 - 1015 Break 

1015 - 1200 Sustained Production of Fodder and Fertilizer in Agroforestry 

(Vergara) 
1200 - 1300 Lunch 
1300 - 1630 .Free Time , 

JSS " }?S2 Extension: Techniques & Practices (Fill ion, Dupre) 

oSS " 5?"^'" * Processing (Fill ion, Burwe 1) ^ ^ 

1900 - 2000 Dinner 

2000 - Work on Agroforestry Projects 

Staff Meeting 
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Friday, October 28 



0700 


— 


0745 


0800 




0900 


OSCu 




1000 


1000 




i015 


101b 


•* 


1200 


IdUU 




1300 


1 onn 
loUU 




1500 


1 rr n n 

1500 




1515 


1515 




1630 


1630 




1645 


1645 




1815 


1815 




1845 


1900 




2000 


2000 







Breakfast 

Economic Evaluation of Agroforestry Projects (Vergara) 
Seed Collection & Storage (Schenk, Burwell) 

Break 

Seed Collection Exercise (Schenk, Burwell) 
Lunch 

Fruit Tree Grafting - Lecture (Burwell) 
Break 

Fruit Tree Grafting Practice (Burwell) 
Break 

Fruit Tree Pruning (Schenk) 

Review & Processing (Fillion, Burwell) 

Dinner 

Work on Agroforestry Projects 
Staff Meeting 



Saturday. October 29 

0700 - 0745 Breakfast 

0800 - iOOO Agroforestry Presentations (Participants) 

1000 - 1015 Break 

1015 - 1200 Agroforestry Presentations (Participants) 

1200 - 1300 Lunch 

1315 - 1415 Agroforestry Presentations (Participants) 

1415 - 1445 Counterparts (Dupre) 

1445 - 1515 Review Expectations 

1515 - Evaluation of Workshop 

1800 - 1900 Mixer 

1900 - 2000 Dinner ■ 

2000 - Certificates & Closure 



-9- 



TRAINING SESSIONS 



DAY ONE 



0800 - 1000 hrs. 



ffg^OP^ADHINI STRATION; EXPECTATIONS; GOALS 



Objective: 



Procedure: 



Participants will understand the administra- 
tive procedures for the week. They will come 
to agreement on the goals and objectives of 
the 1ST and understand the agenda and training 
methodology to be utilized. 



0 
0 



0 
0 



Explain the session. 

Participants divide into pre-defined 
groups to identify individual expec- 
tations of the 1ST and of the workshop 
staff. *^ 

As a group, list expectations. 

Staff then presents their perceived goals 
and expectations and compare them to 
those of the participants. 

Training agenda is presented and 
discussed. 



0 Modification in goals and objectives as 
well as the agenda are made to meet new 
expressed needs and a final version is 
agreed upon. 

0 The Adult Learning Theory is discussed. 
Resources: Newsprint, markers, masking tape. 



DAY ONE 

1015 - 1115 hrs. 



COUNTERPARTS 



Objecti ve: 



Procedure: 



To understand the importance of working in the 
field as a team* To develop a stronger and 
more confident working relationship and 
understanding among PCVs and their HCN coun- 
terparts. 

0 Trainer leads discussion on what it means 
to be a counterpart. 

0 Divide into counterpart teams (PCV & HCN) 
and list their motivations for working in 
development. 

0 Small groups present lists and report on 
their motives. Trainer then Jeads 
discussion concerning common motives 
listed. 

0 Trainers conduct role play between PCV 
and HCN simulating a counterpart team 
working relationship. It should be done 
by a female and male trainer. 

0 Trainer leads discussion of role 
play. 



Resources: 



Newsprint, markers, and two trainers for role 
play. 



1115 - 1200 hrs. 



gj^y.j^^^'- QP^^'*''^ SLIDE SHOW AND 

DISCUSSION : 



Objective: 



Procedure: 



The participants will recognize and be able to 
discuss the role of women in the development 
process and more specifically in forestry and 
to that end, the importance of integrating 
women into the community analysis and project 
planning procedure, 

0 Women in Development slide show presen- 
tation. 

0 Trainer leads discussion of the slide 
show and how it relates to women in 
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Resources: 
1330 - 1515 hrs, 



forestry, more specifically, women's role 
in forestry in the respective work 
sites/countries of the trainees. 

0 Discuss how women can be integrated into 
the project planning process. 

0 Discuss the counterpart roleplay done in 
an earlier session and the relationship 
between the female PCV and her male HCN 
counterpart. 

Women in Development Slide Show. 
COyPTS OF AGROFORSTRY. HISTORY ANn 



Objective: 



Procedure: 



Resources: 



The participants will have an understanding of 
the history and development of agroforestry 
and be able to discuss and classify different 
agroforestry systems and state their advan- 
tages and disadvantages. 

Lecture should include: 

0 An historical perspective of traditional 
agroforestry systems beginning with slash 
and burn agriculture through its stabili- 
zation. Include cultural changes through 
time and its effect on the system of 
agriculture practiced. 

0 Several ways of classifying agroforestry 
systems (by spatial arrangements, by 
sequence and by major product). 

0 How different components within an agro- 
forestry system utilize the different 
soil and light stratas. 

0 Process of selecting the appropriate com- 
bination of crops, animals and trees for 
agroforestry systems. 

0 Discussion of lecture. 

Handout: New Directions in Agroforestry; 
The Potential or Iropical Legume 'I'rees: 
Selection of Legume Trees for ~ 
Agroforestry . bv Dr. NalTin^n Vergara. 
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DAY ONE 



1530 - 1630 hrs. 
Objecti ve: 



Procedure: 



ECOLOGY AND CONSERVATION 



The participants will have a general 
understanding of the problems, their origins 
and the effect that the loss of tropical 
forests is having on the ecology. They will 
then be able to discuss potential solutions 
and how those solutions relate to their 
involvement In development assistance. 

Through group discussion, led by a trainer, 
the participants will be able to: 

0 Identify the 111 effects of deforestation 
on the ecology. 

0 Identify the origins/causes of deforesta- 
tion both natural and those induced by 
humans. 

0 Propose and discuss possible solutions to 
the problems deforestation poses on the 
ecology and relate those potential solu- 
tions back to their particular work 
sites. 



1630 - 1730 hrs. 
Objective: 



Procedure: 



CAND USE PLANNING 



The participants will have a working 
understanding of the methodology and the 
sequence of events that go into land use 
planning and its implications on project suc- 
cess or failure. 

Lecture should include: 

0 Definition of land use planning: A pro- 
cess of judging the best use- of a piece 
of land to achieve the goals of the 
users. 

0 Guidelines for setting goals and objec- 
tives in land use planning. Process 
should include data gathering within the 
community concerning their needs and the 
parcel of land to be utilized. 
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How and what kind of information to be 
researched in the land use planning pro- 

C6SS • 

Instructions for mapping a land use plan. 



PRESENTATION OF A6R0F0RESTRY PROJECTS 



The participants will have a clear 
understanding of what the objective of the 
group agroforestry project is and the steps to 
take to reach that objective. 

0 Trainer explains to the participants that 
they will be conducting a site survey in 
a local community. 

0 The methodology for the site survey is 
briefly explained. Further the par- 
ticipants are informed as to the type of 
data to collect and who in the community 
is best to interview as they attempt to 
obtain the needed information. 
Participants are reminded of the morning 
session regarding the role of women in 
development. 

0 It is explained to the trainees that they 
will be expected to do an oral presen- 
tation at the end of the training. 

The original expectation was for the par- 
ticipants to design an agroforestry system 
based on information gathered during their 
community field visit. As a result of several 
group discussions throughout the training, the 
style and content of presentations were left 
to the discretion of each group. This pro- 
duced some very interesting presentations 
ranging from the intended agroforestry plan to 
what would the next step be in the community 
analysis/information gathering process. 
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END OF EACH DAY 



REVIEW AND PROCESSING 



Objective: 



Procedure: 



NOTE 



For each participant to have a clear 
understanding of the day's activities and how 
they relate to the overall goals and objec- 
tives of the 1ST. To ppovids an opportunity 
for the review of the next days activities and 
objectives. 

Trainer leads a group discussi'on which should 
include: 

0 A review of each session and whether the 
session objectives were met. 



0 
0 
0 



Discussion of any unfinished sessions. 

Feedback on how training is proceeding. 

A review of the next day's schedule and 
goals. 



The review and processing session was repeated 
at the end of each day. 
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DAY TWO 



0800 - 1600 hrs. 
Objective: 

Procedure: 



Resources: 
NOTE 



FIELD TRIP TO LOCAL COMMUHITIES 



For participants to practice extension tech- 
niques and site survey methodologies while 
gathering information to be used in their 
agroforestry reports, 

0 The large group divides into six pre- 
determined small groups and are 
transported to different local com- 
munities. ■ 

0 Each group is assigned a trainer who acts 
as a passive observer during the site 
survey/information gathering process. 
This is done so that the trainers have a 
complete understanding of the information 
gathered to be better prepared for the 
discussion of the group presentations 
made at the end of training. 

Packed lunches. 

The field trip requires excellent advance 
planning. Those communities to be visited by 
the participants should be contacted well in 
advance and follow-up visits by the trainers 
should be made prior to the appointed date for 
the field exercise. The communities should be 
made aware of the process and what the 
trainees will be doing, do not raise the com- 
munities expectations. It can be quite 
disruptive to the "going-ons" of a community 
if a large unexpected group of outsiders 
descends on them without ample advance 
warning. 



1630 - 1730 hrs ECOLOGICAL 



Objective: The participants will have an understanding of 

the ecological, economic and social benefits 
of utilizing agroforestry systems. They will, 
upon return to their work sites be able to 
incorporate this information into their 
programs and extension activities. 
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Procedure: 



Lectyre should include: 

0 Generalized and specific ecological? bene- 
fits (general: reduction of pressure on 
forest lands, protection of upland ecolo- 
gical systems; specific: reduction of 
soil erosion and increase in soil 
fertility). 

0 Economic benefits for individuals, com- 
munities and entire regions through an 
increase in product output which should 
nave a proportional increase in the level 
of firmer income, 

0 Social benefits, i.e., improved rural 
living standards, improved nutrition and 
health conditions and the stabilization 
of upland coimiunities, 

0 Discussion. 



1730 - 1800 
1800 - 1900 hrs. 
Objective: 



Procedure: 



NOTE 



REVIEW & PROCESSING (same as day one) 



SLIDE PRESENTATION 



To provide an opportunity for sharing infor- 
mation on the work and specific forestry pro- 
. jects and practices of the participants in 
their work site/ country. This session 
attempts to provide an opportunity for par- 
ticipants to discuss the similarities of their 
projects and successful ai u unseccessful solu- 
tions applied to problems they have encoun- 
tered on these projects. 

Slide show presentation and discussion is lead 
by three of the countries participating. This 
activity is repeated throughout the training 
program to allow participants who came with 
slide shows an opportunity to present them. 

This was a fun activity, enjoyed by all the 
participants as well as the staff. It relaxed 
and loosened-up the participants and got more 
of an informal atmosphere established. 
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DAY THREE 

0800 - 1000 hrs. NITROGEN FIXING TREES (NFT); THEI R ROLE IN 

AtikOPORL^^TfeV SYSTEMS ' - ' tOTeNTIAL BENEF lTmD 
LIMITATIONS 



Objective: The participants will be able to define 

Nitrogen Fixing Trees and identify certain 
genera and species of the best potential NFTs. 
They will also be able to explain to farmers, 
the advantages and disadvantages of utilizing 
NFT species in their fields in agroforestry 
systems. 

Procedure: Lecture should include: 

0 Sources of nitrogen and how it is intro- 
duced into the soil (atmospheric, biolo- 
gical and non-biological sources), 

0 The effect of erosion on the soil and how 
NFTs can help prevent erosion while at 
the same time improving the nutrient con- 
tent of the soil. 



0 Taxonomy of NFTs and the three sub- 
families of legumes: Caesalpinioideae, 
Mimosoideae, Papilionoideae, 

0 The nonleguminous tree genera that fix 
nitrogen, prinicpally, Almis and 
Casuarina . 

0 The many uses of NFTs species e.g., 

fuelwood, fodder, timber, ornamentation, 
etc. 



0 The advantages and disadvantages of fast 
growing NFTs, 

Resources: Handout: Nitrogen-Fixing Tree Resources: 

Potentials and Limitations . By J.L. Brewbaker , 
R. Van Den Beldt and K. MacDIcken. 
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DAY THREE 



1015 - 1200 hrs. 
Objective: 

Procedure: . 



1325 - 1500 hrs. 
Objecti ve: 

Procedure: 



The participants will understand the impor- 
tance and methodology of species selection. 
They will be able to propogate NFTs by various 
methods and understand proper management of 
seedlings both In the nursery and on plan- 
tations. 

Lecture should Include: 

0 The methodology of proper species 

selection; environmental requirements 
community needs and purpose of planting. 

0 Seed selection and preparation. 

° ?!^r!''!"* ""et^ods of propagation; nursery 
iDoth in containers and bare root), vege- 
tative propagation, and direct seeding. 

0 Nursery management and the use of bac- 
terium and rizobium. 

0 The Importance of weed control and the 
nutrient requirements of NFTs in plan- 
tation management. 



AGROFORESTRY PROJECT PI ANNTNR 



The participants will have a working 
understanding of the "systems" approach to 
planning. 

Lecture should Include: 

0 Definition of a system: "a whole which 
consists of component parts that are 
Interdependent and interacting such that 
a change in one component results in a 
chain of reactions which results in 
changes in the other components and in 
the whole". 
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0 Definition of planning: "the careful 
process of Identifying and selecting the 
best alternative means for achieving a 
set of objectives and goals". 

0 Steps in systems planning (emphasis 

should be made that throughout the planning 
process, members of the comnunity partici- 
pating in the project should be included in 
each step): 

a) Identify goals and objectives, 

b) determine problems and constraints, 

c) identify all possible options for 
achieving goals, 

d) narrow options down to the practical 
and practicable, 

e) using technical, economic and social 
data gathered within a community; 
cosspare remaining options, 

f) select with the community the best 
option. 

0 Emphasize the importance of looking at 
existing traditional agroforestry systems 
when selecting final project plan, 

0 Participants should be reminded that 
agroforestry is an option, it is not a 
panacea. 

Resources: "^"^o"*-. New Pfrections in Aqroforestryt Tho 

Potential or iroplcal Legume Trees; Initial ' 

Tasks in Ag roforestry Projects . Bv"dF: 

Napoleon Vergara^ 
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DAY THREE 

1515 - 1715 hrs. 



AGRICULTURAL CROPS IN A6R0F0RESTRY 



Objective; 



NOTE 



Procedure: 



The participants will be able to select com- 
patable food, fodder and tree crops to best 
fit expressed needs of community and growing 
conditions of the area. They will have a 
general technical understanding of the produc- 
tion of food crops. 

The actual planning process of select<ng the 
appropriate components in an agroforestry plan 
has already been discussed. This session is 
focused more on the technical aspect of food 
crops production. Lecture should be delivered 
by an agronomist. 

Lecture should include: 

0 How to develop a management plan for 

agricultural crops and how it relates to 
and complements the management plan of 
tree crops (i.e., farmer is more sen- 
sitive to weeding food crops than tree 
CIS?", and will therefore indirectly weed 
tree crops when weeding food crops), 

0 A discussion of different crop charac- 
teristics that should be taken Into con- 
sideration when planning combinations 
(e.g., shade tolerance, rooting depth, 
rate of growth, height at maturity, 
nutrient requirements [nutrient producer 
or consumer], watering needs). 

0 Emphasis should be made again that final 
selection process should be" heavily 
geared towards the expressed needs and 
eating habits of the community. 



1715 - 1745 . 



REVIEW & PROCESSING 
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DAY FOUR 

0800 - 0900 hrs. 

Objective: 

Procedure: 



SILVO-PASTORAL SYSTEMS: CAHLE UNDER TREES 



For the participants to have a working 
knowledge of and be able to discuss the 
Integration of aiilmals (both large and small) 
Into an agroforestry system. In this rela- 
tionship the animals can serve as an active 
component, e.g., grazing in a field under 
trees, or as a passive component, e.g., utili- 
zation of leaf litter as fodder. 

Lecture should include: 

0 Discussion of animals most commonly found 
on farms within the training participants 
countries and the feeding and grazing 
needs of those animals. 

0 How those feeding and grazing needs can 
be met through agroforestry, e.g., 
planting pasture grasses under trees; 
using hedgerows of leguminous forage 
trees, i.e., leucaena; planting shade 
trees in existing pastures etc. 

0 The symbiotic relationships between cer- 
tain animals and plants. 

0 The nutritive and economic benefits of 
silvo-pastoral systems. 
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DAY FOUR 

0900 - 1000 hrs. 

Objective: 



Procedure: 



Resources: 



A6R0F0RESTRY AND FUELWOOD PRODUCTION 

To provide the participants with information 
on the production of fuelwood in forest plan- 
tations, and integrating this Information into 
agroforestry systems. They will understand 
the difference between tree production for 
fuelwood as compared to traditional forestry 
plantations and the intense management needs 
of these fuelwood systems. 

Lecture should include: 

0 The difference between traditional 

forestry plantations and fuelwood produc- 
tion; fuelwood production requires 
shorter rotations, higher planting den- 
sity and more intensive management prac- 
tices. 

0 The basics of management practices; i.e., 
managed more like agricultural crops; 
when to harvest, how often to harvest 
etc. 

0 The importance of proper species selec- 
tion to suit the characteristics and 
capabilities of the land. 

0 Land availability should be determined 
with the farmer. It may be decided to 
plant in blocks or as live fences, hedges 
or on other underutilized areas, 

0 The process of choosing species and the 
importance of setting up trial plots for 
growth rates - How to set them up and 
evaluate their results. 

0 Two different aspects of sustainable 

plantation management: fertility manage- 
ment and soil erosion control, 

ijandout: Production of Fuelwood and Small 
Timber in Conmunltv Forest ry SiU^t^. gy 
Kenneth Macbicken ^ 
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DAY FOUR 



1015 - 1200 hrs. 
Objecti ve: 

Procedure: 



Resources: 



IH^ASRESTkf ^""^ FERTILIZER 

The participants will have an understanding of 
the management practices in agroforestry to 
achieve sustained fodder and fertilizer pro- 
duction. 

Lecture should include: 

0 Distinction between food products, wood 
products and green biomass. 

0 Discussion of the best fodder producing 
tree species, 

0 Methods of fodder harvest; direct and 
indirect and the associated advantages 
and disadvantages. 

0 The concept of carrying capacity - 
carrying capacity of a land area for 
livestock as it relates to fodder availa- 
bility, 

0 Timetable for triimiing trees for best 
production of fodder and/or green manure, 
compared to the production of fuel wood. 

•0 Economics of trimming trees for fodder 
and/or green manure production, 

0 Impact of solar energy and soil nitrogen 
on fodder production. 

0 Acacia and other fast growers and pre- 
cautions that should be taken if they are 
included in an agroforestry system geared 
to fodder production (non-pal atability). 

0 Effects of green manure consumption on 
cattle; specifically mimosene in Leucaena 
and hair loss in cattle and swine. 

Handout: New Directions in Agroforestry: 
The Potential of Tropical Legume Trees; 
Sustained Outputs From Legume-f ree-Based 
Agroforestry Svstems. Rv l)r, N;>poionn W^^pja^a 
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DAY FOUR 



1200 - 1630 hrs. 



FREE TIME 



Objective: 



NOTE 



Participants were given this time to relax, 
tour the city of Honiara, swim, scuba dive, 
snorkle, work on their agroforestry projects, 
and in general, provide a break in the hectic 
training schedule. 

This time was not originally scheduled into 
the agenda; however, due to the intensive 
schedule, we thought that this would be an 
excellent replacement for a session which was 
combined with another. 



1630 - 1800 hrs. 
Objective: 

Procedure: 



EXTENSION TECHNIQUES AND PRACTICES 

The participants will have an understanding of 
what it means to be an "extensionist" and be 
able to discuss what is involved in the exten- 
sion process. 

Lecture should include: 

0 A definition of an extensionist: A per- 
son who helps people understand; a middle 
person between farmers and farmers, far- 
mers and researchers, farmers and other 
extensionists, farmers and organizations. 

0 Steps in the extension process: 

information gathering, 

planning (with farmer participation), 

conmuni eating (how to conmunicate 
information to others), 

education and training, 

implementation of the plan (either 
with an individual farmer, a group 
or community), 

follow-up and evaluation (stress the 
importance of maintaining contact 
with the people after implementation). 
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0 Conmuni cation methods (ask participants 
what they have used); 

individual contact, 

group meetings, 

demonstrations in the field, 

demonstration plots, 

field days, 

mass media, 

materials and audio visual aids 
(pamphlets flyers, pesters, slides, 
movies, etc.)* 

0 Dicussion should include techniques that 
the participants have utilized both suc- 
cessfully and unsuccessfully. A link 
between the material presented and its 
importance/ relevance to the trainee's 
agroforestry projects should be made. 



REVIEW & PROCESSING 
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DAY FIVE 

0800 - 0900 hrs. 
Objective: 



Procedure: 



Resources: 



ECONOMIC EVALUATION OF AGROFORSTRY PROJECTS 



The participants will understand the methodo- 
logy of determining the economic feasibility 
of agroforestry projects and therefore have 
the capability to determine whether a project 
should be Implemented now, at a later date, or 
not at all. 

Lecture should include: 

0 An explanation of the need for economic 
evaluation, both preproject evaluation to 
determine if a project is economically 
feasible and postproject evaluation to 
ascertain whether the project is a suc- 
cess or failure. 

0 Factors that go into an economic evaluation: 

Scope of evaluation: level of eva- 
luation, individual family plots, 
entire community or entire watershed. 

The time horizon: the time span to 
be included in the calculations of 
economic feasibility /evaluation of a 
project. 

Data collection: information on all 
physical inputs, outputs and resi- 
duals generated by the project. 

Valuation: the worth attached to 
benefits and costs. 

Discount rate: a determination of 
present value of all costs and bene- 
fits that will occur throughout the 
life of the project. 

0 Economic evaluation techniques with 
simple examples. 

Handout: New Directions in Agroforestry; 
The Potential of Tropical Legume Trees; 
bconomic Evaluation ol^ Agroforestry Pro.iects . 
By Dr. Napoleon vergara, 
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DAY FIVE 



0900 - 1200 hrs. 
Objective: 

Procedure: 



NOTE 

1300 - 1815 hrs. 
Objecti ve: 

Procedure: 



f^^'^ .^Q^'^^^^^Q" AND STORAGE (LECTURE AND FIELD 
TRTFl ■ ■ 



Participants will have a working knowledge of 
several methods of collecting and storing 
saeds. To provide an opportunity to practice 
this newly acquired skill of seed collection. 

Trainer gives lecture and leads group 
discussion: 

0 Methods of seed collection. 

0 Different types of seeds, e.g., fruit, 
hard coat, soft coat, winged, pulpy, 
etc. 

0 Various ways to store seeds and pre- 
cautions that should be taken; i.e., pre- 
cautions against fungal Infections, insect 
damage, heat and frost damage, etc. 

0 Field trip to collect seeds. 



A location should be selected prior to the 
field trip. There should he a variety of tree 
species with at least a few of them in the seed 
bearing stage of development if possible. 



PgljlT TREES - GRAFTING AND PRUNING: "HANDS 



The participants will be instructed in the 
selection of proper grafting materials (scion, 
root stock) and be able to graft fruit trees 
using a couple of methods. They will 
understand the principals and importance of 
pruning trees. 

Lecture and demonstration should Include: 

0 Explanation of the purpose and advantages 
of grafting fruit trees; 

to achieve desired variety of fruit 
with stock adapted to local con- 
ditions. 



! 
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to gain time - grafted trees begin 
bearing fruit earlier than trees 
produced directly from seeds, 

to assure genetic purity, 

for repair purposes - renewing an 
old tree or repairing girdled trunks 
caused by rodents or mechanical 
damage. 

0 The process of selecting proper root 

stock and scions for grafting. Point out 
those characteristics desired in both. 

0 Review of the principles of pruning; 

space for every branch and a branch 
for every space, 

watch the timing - generally in the 
lowest growth period (dormancy) of 
the tree, 

prune so that the tree can heal - 
clean cuts, no projecting stumps - 
so that rain will not collect in the 
cut. 

0 Practice both grafting and pruning. 

Fruit tree seedlings, scions, grafting knives, 
sharpening stone, horning oil, pruning shears. 

It is desirable to have actual fruit tree 
seedlings to graft. Make arrangements to get 
them prior to the start of training. 



REVEIW S PROCESSING 
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DAY SIX 

0800 - 1415 hrs. 
Objective: 

Procedure: 

1415 - 1515 hrs. 
Objective: 

Procedure: 
Resources: 



A6R0F0RESTRY PRESENTATIONS BY PARTICIPANTS 

To provide an opportunity for the project 
groups to present their final agroforestry 
project to the large group for discussion, 
critique and feedback. 

Forty-five minutes is allotted to each group 
to give their presentation. The format of the 
presentation is left to the discretion of each 
group. There should be time allocated for 
questions and feedback. 



To provide an opportunity to review the impor- 
tance of working as a team and how it is rele- 
vant to the subjects covered in the workshop. 
To review the original goals and expectations 
of the workshop and ensure that they were met 
to the full satisfaction of the participants. 

Trainer leads a discussion to review the 
importance of working as a team in the field. 
Trainer also puts up the original flip charts 
with the participant's goals and expectations 
and reviews them. 

Original flip charts with participant's goals 
and expectations. 
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EVALUATION OF TRAINING WORKSHOP 



On Saturday, October 29, the last day of the workshop, written eval- 
uations of the 1ST were requested of the participants. A prepared eval- 
uation form (appendix J) was distributed to the participants soliciting 
responses to the overall effectiveness of individual exercises, the 
training staff s performance and the overall success of the workshop agenda 
in meeting the established goats. 

We have provided a chart (appendix K) with the rating scale used during 
the evaluation process. On that chart, below each number rating of one to 
five, five being the best, a percentage is assigned designating the propor- 
tion of the participants that rated the exercise at that level. 

Of special note - in the opening session on expectations, almost 70% 
of the participants agreed that a good starting point in any training exer- 
cise IS for the staff to solicit input from participants on the training 
syllabus. Further, it was felt that the flexibility of the training agenda 
and the staff s willingness to incorporate participants' suggestions served 
as a good ice-breaker. 

Those sessions most enthusiastically received are as follows: 

0 Expectations - The participants rated the session on expectation among 
the highest as previously stated. Conments on the session ranged from 
a necessary component" to a few that indirectly called it a "waste of 
time. The vast majority of the respondents did receive the session 
well and rated it highly. 

0 Counterparts/WID - Overall, this session was rated highly as to presen- 
tation, content and utility. One participant commented, "good chance 
to hear about the motivations of our counterparts... to give us a better 
understanding of one another." The slide presentation on Women in 
Development was quite a success, well received and highly praised for 
its merit because of the inclusion of women and the recognition of 
their indispensable role in development. 

0 Concepts of Agroforestry - Presented by Dr. Napoleon Vergara, was rated 
across the board at fours and fives. Dr. Vergara' s presentation ranked 
among the best received by the participants; they expressed profound 
pleasure at having "met" and been under the instruction of "the 
expert." Participants felt that more time should have been devoted to 
this topic, 

0 Ecology - This session was given a rating of four by 50% of the par- 
ticipants. The overall reception by the group of this topic was good 
although it was felt that greater depth and more specificity would have 
made the session more beneficial. The participants understood the 
rationale for the simplistic approach which in effect was the only 
approach the staff could take given the time, group size and par- 
ticipant's work site variations. Seemingly, a session on Ecology will, 
in future, be better suited to single country ISTs or multi-country 
ISTs with identical environmental conditions (as can be seen in some of 
the Sahelian countries of Africa). 
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0 Land Use Planning - Although the session on Land Use Planning received 
high evaluation marks from the trainees, comments reflected a general 
feeling that this session had shortcomings and drawbacks overall. One 
volunteer suggested that the session was redundant, perhaps due to the 
simplistic stepwise directives given on planning and implement\'ng land 
use, something most forestry volunteers would have previously received 
during PST or ICT. Nontheless, land use planning should be included in 
future ISTs if the need exists, but should be better structured for a 
generic overview geared principally towards agroforestry. 

0 Ecological, Economic and Social Aspects of Agroforestry - This session 
was also lead by Dr. Vergara. Once again, he received high ratings . 
from the'partlcipants, especially for his manor of presenting the sub- 
ject matter, very clear and precise. One participant liked that he 
presented both the advantages and disadvantages, while another stated 
that he tended to gloss-over the social impacts of agroforestry for 
the sake of selling the concept on an economic and ecological basis. 
The general feeling was that such a broad, worthwhile topic should have 
been allotted more time. 

0 Nitrogen Fixing Trees I & II - Kenneth MacDicken made two presentations 
on the pros and cons as well as the latest advances in the use of 
nitrogen fixing trees in agroforestry schemes. On our rating scale of 
one to five, the two combined presentations received an average rating 
of four at 42. 5« and of five at 45*. Actually, Nitrogen Fixing Trees I 
was rated in the five slot by the greatest percentage of participants 
(48%) than any other session. Part of the reason for this was the 
delivery format utilized by Mr. MacDicken. It was apparent that he 
tailored his presentation appropriately to the technical level of the 
target audience maximizing its effectiveness. This is important when a 
technically oriented lecturer presents his/her subject to a not- as edu- 
cated audience. 

0 Agroforestry Project Planning - This session, devoted to the systematic 
• development of an agroforestry plan, stimulated much discussion, 
exchange and country specific input from the trainees. Factors of pri- 
mary consideration when planning any development project and issues to 
be researched related to the plan were brought to light. Also 
discussed were the steps to be taken in the planning process and the 
Importance of Including the people who will benifit from the project in 
all the steps. It proved to be an outstanding and stimulating 
discussion and clearly demonstrated the need for project planning in 
general and planning agroforestry projects, the focus of the workshop, 
in particular. On the rating scale, 57* of the trainees placed this 
session at a four. 

Agroforestry and Fuelwood Production; Sustained Production of Fodder 
arid Fertilizer in Agroforestry; Seed Collection; Grafting; Pruning and 
Agroforestry Projects along with those discussed above received the highest 
ratings during the evaluation of the workshop. The apparent conclusion to 
be drawn from the evaluative comments on the previous seven sessions is 
that the participcints had a real need for and Interest in the specific 
areas covered. Further, it is our conclusion that the methodology utilized 
for information and skill transfer met the needs of the participants. 
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In general, the participants felt that all of the foregoing sessions, 
with the exception of expectations and counterparts/WID could have been 
better if more time had been allowed. Other topics on the training agenda 
not covered specifically in this section were rated below average. The 
most frequent coimients on the below average and low ratings were: "Too 
hurried", "too technical" to "not enough specifics", "more 'hands-on' 
training" and a few "waste of time." 

Other concerns expressed by the participants included: 

0 A need to allow more time on the agenda for information sharing among 
participants. It was intended that the slide presentations by the par- 
ticipants would stimulate and satisfy this need; however, it is 
apparent from the comments that additional time was needed. 

0 That lecturers designated as experts should be experts in their field 
with previous training experience. This comment had a dual meaning. 
First, an expert should have a thorough understanding of the technology 
they are to cover. Second, they should, as previously stated, be aware 
of the composition of the target audience so that the delivery of 
information is free flowing and easily absorbed. As these ISTs are 
usually short and fully planned well In advance of delivery (although 
subject to change), time, which Is of the essence could easily be 
wasted if a topic inadequately covered has to be rehashed in an attempt 
to deliver information that was poorly presented the first time around. 

0 That there should be a greater emphasis on extension approaches and 
techniques. The single most important function of any volunteer is to 
effect skin transfer (extension) In an effective and culturally 
accepted manner. Therefore, participants felt that more time and con- 
sideration should be given this subject. 

0 That the intensity of the training be decreased by increasing the 
overall length of the workshop. 

In closing, the evaluation provided the 1ST planners, implementing 
staff and the Office of Training and Program Support an opportunity to 
assess the degree to which areas of training requested had been or not been 
satisfied. To this end, better and more effective training during the 
period of service of the volunteer can be delivered based on their eva- 
luation and suggestions for improvement of future In-service training 
workshops. 
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APPENDIX A 

LIST OF WORKSHOP PARTICIPANTS 



Abe, Richard 
Poblacion 
Dalagnete, Cebu 
Philippines 6423 

Albright, Carol M., 
c/o US Peace Corps 
P.O. Box 547 

Honiara, Solomon Islands 

Albright, Craig 
c/o US Peace Corps 
P.O. Box 547 

Honiara, Solomon Islands 

Aubin de Paradls, Diana 
Surin Teachers College 
Amphur Muong 
Surin 32000 
Thailand 

Chusuwan, Chalermkeat 
Accelerated Rural Development 
Lumpang, Thailand 5200 

Daoau, Wi If redo 
Field Assistance 
Takwa 
Maluu P/A 

North Malaita Province 
Solomon Islands 

Delaka, Esau 
Agriculture Divison 
Dala Agriculture Station 
Malaita Province, Solomon Islands 

Dupre, Calvina A., 
Training & Program Support 
Agriculture Section/M-701 
Peace Corps 

806 Connecticut Avenue, NW 
Washington, D.C. 20526 

Fellner, Fred 

Department of Land Development 
Amphurmuang 

Chonburi, Thailand 20130 



Pillion, Jacob 
Training & Program Support 
Forestry Sector/M-701 
Peace Corps 

806 Connecticut Avenue, NW 
Washington, D.C. 20526 

Grant, Jennifer 
P.O. Box 40 
Mendi, Southern High 
Papau New Guinea 

Hawkinson, Tim 
P.O. Box 880 
c/o US Peace Corps 
Apia, Western Samoa 

Herbert, Donna 
c/o Office of the Mjtyor 
Cuyapo, Nueva Ecija 
Philippines 2321 

Inapero, Daniel 
Division of Forests 
P.O. Box 251 

Mendi, So Highlands Province 
Papau New Guinea 

Johnson, Alan R., 
c/o US Peace Corps 
Honiara, Solomon Islands 

Kerry, Melinda J,-, 
c/o Postmaster 
Cabangan, Zambales 
Philippines 2204 

Kidd, Tara J., 
c/o US Peace Corps 
P.O. Box 880 
Apia, Western Samoa 

Knight, Ian 

Ministry of Home Affairs 
Honiara, Solomon Islands 

Konrad, Richard 

ARD Office 

Amphur Muang 

Lampang, Thailand 52000 
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L1bby Jr., Robert 
c/o US Peace Corps 
P.O. Box 880 
Apia, Western Samoa 

KacDicken, Ken G., 
15319 Roosevelt Road 
Snohomish, Washington 98290 

Pairapara, Matia 
Ta'aru Village 
Tarapaina P/A 

Small Malaita, Solomon Islands 

Pol li SCO, Wi If redo S., 
Bureau of Forest Development 
Region 4, Quezon Avenue 
Quezon City, Philippines 

Ragudo, Teodulo J., 
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activity was partially supported by a grant from the United 
Nations university. 
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TBE EC0LCX3ICM. ROLE OP TREES 
m SUSTAINABLE NSBCSGBSSnCl: 
A REVIEW 

Intensive cultivation of shallow-rooted annual food crops on 
hilly land has been seen to result in rapid soil erosion and 
reduction of farm productivity, in addition to other undesirable 
off-fam effects such as siltation of rivers and reservoirs, 
uneven stream flow, and pollution of water. In sane places, such 
as southern China, Java and Bali (Indonesia) , and Northern Luzon 
(Philippines) , erosion is controlled and productivity is 
maintained by terracing the slopes. This approach, however, 
requires large fimounts of labor and capital inputs, which are 
Scarce among upland farmers. Consequently, the cheaper and more 
readily inplementable approach of using trees for upland 
stabilization is oftai more appealing to, and can be more readily 
adopted by, hill cultivators. 

There are three important ecological roles of practically 
all tree species in upland farming: (l) stabilization of hixly 
land, (2) naintenance and inprovanent of soil fertility, and (3) 
inprovenent of microclimate. 

StabiliMfrJftT^ of Hill^y land 

The generally wide-spreading and deep-penetrating roots of 
trees serve as soil binders that reduce the tendency of soil on 
slopes to move downward with surface runoff. The surface roots 
and tree stems, especially when trees are planted as contour 
hedges in agroforestry, iitpede the flow of surface water, 
reducing its speed and erosive force. 'Oie tree crowns and the 
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aocunulated l^er of litterfall on the soil surface break the 
intact and reduce splash-erosion effects of heavy raindrops. 
Boot penetration into the subsoil increases water infiltration 
and absorption, reducing the volume and erosive ability of 
surface water. All of these factors together increeise soil 
stability, reduce soil erosion, and minimize soil and nutrieit 
depleticn. 

Maintenance and Tmprovement of Soil Fertility 

BapiA soil and nutrient losses from sloping land can be 
remedied by trees so that soil fertility and productivity can be 
maintained and even inproved. with their long tap roots, trees 
recover nutrients lost to the subsoil through leaching and 
infiltration and recycle them to the surface in the form of 
litterfall that deconposes and release the nutrioits back to the 
surface soil, l^trients lost to rivers and lakes through 
leaching and surface runoff cannot be recovered but are replaced 
when the trees absorb minerals just released by newly weathered 
parent rocks in the lower soil strata and "punip" them to the 
surface in the form of litterfall. ^ accumulation of decayed 
leaves and branches increases the organic natter cont&it and 
reduces the biOk daisity of the soil, making it better suited to 
cropping and production. 

HTprovanent of The Microclimate 

Partial shading and the mulching effect of litter provided 
by trees in agrof orestry reduce solar radiation on the soil 
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surface, therd^y miniinizing effects of higher ten^ratures such 
as drying and hardening of the soil. Availability of sufficieit 
amounts of soil moisture, and the maintenance of soil temperature 
at an optimal level enhances microbial activity for decoiposing 
litter and releasing nutrioits to the soil for plant use. 

ISB SPECIAL ROLE CP LEGUME OKEES IN SUSTAINABLE fiGBOeGBESm 
Roles Similar to Those of Other Trees 

Legume trees contribute to sustainable agroforestry 
production in much the same way that other tree species play 
their useful ecological roles as outlined previously. Sose 
legume trees, however, have been noted to function better than 
others. For example, certain legumes have unusucilly long tap 
roots (e.g. , Leucaaia) so that they have a much better capacity 
to anchor and stabilize the soil, and a greater .ability to 
recover and absorb moisture and nutrients from the deeper 
subsoil. Legume trei.» usually have small leaflets (e.g., 
ggglwniaf Gliricidiar Leucaena) , whi<ih deconpose more rapidly and 
enable the nutriaits to return more quickly to the soil surface 
to maintedn productivity. Furthermore, small leaves edlow 
sunlight -to reach interplanted low-level food crops. 

2b& fiOeslal fiQl£L Biological Nitrogen Fixation 

!Ehe most inportant role of legumes that other tree species 
cannot perform as effectively, i£ at all, is in supplying 
nitrogen to both the trees themselves and to the interplanted 
food crops. Since nitrogen is highly essential to plant growth 
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Figure 1. Legume tree roots with nodules formed by Rhizc^ia . 

and yield, and since it is often obtainable only in the form of 
expQisive ccnntercied fertilizer vMch subsistaice fanners can 
barely afford, the nitrogen supply front legume trees, at little 
or no cost to these hill famers, is important. 

There are a few nmlegume trees, such as Casuarina . £2l2US. 
and Paraspon iaf that are known to possess nitrogoi-fixing 
abilities. Hcwever, the greatest concentration of 
nitrogai-fixing tree^ is found in the legume family. 

Nitrogen abounds in the atroos^iere and in the soil, but it 
is in forms that are not useful to plants. It must first be 
converted into a soluble form (amnonia) before the plants can 
absorb and use it. Most legume trete have the capacity to 
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convert atiaospheric nitrogen to ansncnia (biological nitrogen 
fixation or BNF) with the assistance of certcdn bacteria 
(Rhizobia) with vMch th^ are synbiotically related. The 
bacteria enter and infect the root heiir and the root cells divide 
rapidly at the point of infection, causing root nodules to be 
f omed '^Figure 1) • The Rhizobia live in the center of the 
nodule, vMch is the site of nitrogen fixatim. The fonoation of 
nodules and the production of a red pigment by the Rhizobia are 
indicators of nitrogen fixation. For this reasoi, root nodules 
that are reddish inside indicate ongoing fixation. If nodules 
are white inside, they are infected roots with no ability to fix 
nitrogen. 

The amount of nitrogen fixed varies with the tree species, 
with conditions on the site, and with the Rhizobia present. 
Leucaena has been observed by various researchers under different 
conditions to yield from 70 to 500 kg of nitrogen per ha per 
year. 

There are certain factors that inpede nitrogen f ixatioi by 
legume trees. The first is that sane Rhizobia strains can 
interact Efynbioticcilly with certain tree species but not with 
other Sr Because of this specificity, legume trees may fail to 
nocblate and fix nitrogen for want of a suitable strain of 
I^zobia . Olie second factor is the site selectiveness of some 
Rhizobi^ . For example, some cannot cause nodulation in acidic 
soils, and therefore fixation cannot occur. A third factor is 
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that 8oine Rhizobia are suscepbible to cxnpetiticn frcxn other 
microorgeuiians, and >*en they are ndxed with other strains, they 
die or are uiable to iix nitrogen, 

Keasmea. to Qihance Biological Nitroggn Pj^atign 

!Ihe iispact o£ the factors that are icnoKn to inhibit nitrogen 
fixation can be minimized. One way to do this is by 
identification, isolation, hnd use. of Rhizobia strains that suit 
a given legisne tree species. Farmers, of course, are not trainsd 
to do this themselves, but there are research institutions (e.g., 
Nitrogen Fixing Tropical Agricultural Legumes Project of the 
University of Hawaii) that do these tasks and make available to 
developing countries seniles of the strains and the technology of 
culturing them and methods of inoculating seeds or seedlings of 
suitable tree species with them. Mienever Rhizobia inoculum is 
available locally at affordable prices, farmers shjxild be 
encouraged to use it to maximize the nitrogen-fixing oqoacity of 
the legume trees and maximize the yields of both the trees and 
the interplanted food crops. 

In many cases, "packaged" Rhizobia strains are either not 
available locally or are available but priced beyond the reach of 
hill farmers, most of vHxta are subsist^ce fzuxiers with little or 
no cash, incomes, in this instance, the best alternative is for 
the farmers to detain soil from areas where the desired legume 
tree is growing well and producing nitrogen satisfactorily as 
shown by the presence of reddish nodules. This soil will contain 
Rhizobia suited to the tree. When seeds are planted on this 
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soil, natural inoculation with the Rhizobia is achieved. Another 
possible means is to gather seedlings growing naturally under 
. mature trees in fihizsbiSf infected soil. Bie ball of earth around 
the seedling's roots will assure that Rhizobia are introduced 
into the new plenting site. 

While these inoculation techniques are cheap enough to be ' 
affordable to subsist^ce hill fanners who wish to enobark m 
legume-tree-based agroforestry, there is a problem tiuc may 
arise. Other microbes, which may not be beneficial or which 
might con^iete with the desired Rhizobia ^ may likewise be 
introduced to the new aite. Furthermore, the Rhizobia. while 
capable of enhancing nodulation and nitrogen fi'ation, may not be 
the best strain for a given tree species. 

Another method of enhancing biological nitrogen fixation is 
by modifying soil acidity levels. A simple field test may be 
used to determine soil pB levels. A soil sanple from the farm is 
dissolved in distilled or rain water (so that the water will be 
neutral) and tested. (See Appendix: for testing methods.) 

If the soil is too acidic for the desired tree species, it 
can be corrected by allying lime. Instead of .spreading lime 
over the vbole area, vMch would be exp^lve, the farmer can 
a£Ply. crushed limestc^ pellets prior to planting, with a seed 
enbedded inside each pellet. If lime is unavailable or is too 
expensive, it may be siirpler for the farmer to select a tree that 
thrives in acidic soils, each as ££S3S3A. auriculifomis . 
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«rhe uae of Biolcxiicallv Fixed Nitrogen by Teeea sxA £ggi ££gB£ 

The nitrogen fixed by legume trees benefits three groups of 
plants in agroforestry: (1) the legume trees thenjselves, (2) 
other trees planted close to the legumes, and (3) the food plants 
intercropped with the trees. 

The legun« trees baief it because the nitrogei is alreatfy in 
their root systems and can be utilized readily fay the plant cells - 
for synthesis int^ amino acids, proteins, and other 
nitrogen-containing confounds that are needed in plant grovth. 
This is the reason for the relatively rapid growth of trees that 
have nitrog&Hfixing capacities. 

The intercropped food plants and other trees benefit because 
the legume tree leaves, which either fall naturally or are cut 
regulcu:ly by the farmer and spread among the food i^ants as green 
manure, decon^ose and release nitrogai and other elements to be 
used by the crops. About 60 percent oi this released nitrogei is 
lost to the atmosphere (denitrif icaticn) or to the subsoil and 
streams (leaching) , leaving only 40' percent available to the 
ctqpa. Since this nitrogen supply is virtually free and it comes 
from a raiewable and sustainable source (trees) , hcwever, it is 
more cost-effective than apEdying connercial fertilizers. 

BASES FOR SELEXnilON OF LEGUME TREES FCR ASROFQRESTRX 
While it is clear that legume trees afford mar^ social and 
economic benefits to agroforestry, species to be used must be 
selected carefully for each agroforestry project in order to 
maximize their contributicxi to its success. 
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Most legune trees are deemed useful to agroforesf AY because 
they have three injortant charac±eristics in conroon: rapid" 
growth, which neans early harvest and greater yield, per hectare 
per year; nitrogen-fixing abilily, which si^iplies virtually free 
nitrogai fertilizer; and a multipurpose nature. When selecting 
species for a particular project, therefore, additional criteria 
nust be used. Zoportant considerations should include: 



1. Ecological conditiais in the locality; 

2. Con^atibility vdth locally preferred food crops; 

3. Markets for, and uses of, the tree products; 

4. Sociocultural characteristics of the people? and 

5. Availability of planting stock. 



Ecological Conditions 

Each upland agrof orestry site is unique and varies from 
others in soil characteristics, elevation and ter^erature, 
noisture, and other ecological factors. Similarly, each legume 
tree species differs from others in site requiremaits. If an 
agroforestry project is to succeed, the trees must be selected so 
that their site requiraaaents match existing local ecological 
conditions, as enumerated here: 



1. ^il cBsalijsc— Some hill farms m^ be nutrient-rich and 
contain a high percentage of organic matter (humus) , 
■ especially if they have been newly converted from 
primary forests or forest fallow through logging or 
slash-and<^xim operations. iUi&ost any tree can be grown 
on such sites. On the other hand, most hill fanns have 
long ago been deprived of protective forest cover and 
may have been used abusively, m such cases, the soil 
is likely to be shallow and depleted, catpacted, rocky 
and nutriait-poor, and it is usually covered by hardy 
grasses (e.g., Iiriperata^ . Uhder this degraded 
condition, only the species known to be hardy enough to 
withstand poor soils could and should be planted, such 
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as Acacia aucigyjUfonnis and Calliandra calothyrsus (see 
'Mile 2) . Other species with less tolerance for poor 
soils may be planted, but only after expensive additicxi 
■ of canoercial fertilizers. 

2. sEM^e is a wide variation in soil m<x)g 
hilly lands. Those with limestones, for instance, are 
alkaline ai^ have high values, «Mle the badly eroded 
and leached grasslands are often acidic and are lower 
than pH 7. After detemining soil pH ratings either 

f rent local soil surveys (if availabi • or by condnctijng 
a siisple litmus test, the farmer saay choose tree species 
for his farm. For acidic soils, Acacia auriculiformis 
ai^ £ca£il QSagiiBIl may be used. For alkaline soils, en 
the other hand, Leucaena or Sesbania may be Ranted. 
Calliandra is more or less neutral with regards to pH 
(see Table 2) • 

3. Elevation and temperatur&^ithin the tropical zone, 
site elevation heavily influences teiserature. . For this 
reason, altitudinal limits for tr^ are in fact 
tesiperature limits. For exanqple, ^ecies that require 
or can oily thrive in high ten^jeratures (e.g., fiaisia 
£iSDSa) must be planted at low elevations (e.g., not 
higher than 500 n) , while those that thrive in, or can 
tolerate cool te^ratures can be planted at higher 
elevations (e,g., i^casi^ meamaii) . Because latitude or 
distance from the equator likewise affects teniperature, 
altitudinal limits for species will vary depending on 
the latitude of the site. For instance, in the northern 
FhiliEpines (latitude about 20O N) , Leucaena can be 
grown only to about 400 m, while clc^ to the 

■ eqi^tor, in Papua New Guinea (latitude ebaat 50 s) , the 
same sprees teis been observed to grow well up to 
1,200 m. 

4. Soil moisture— Ohls factor is directly influenced by 
rainfall intoisity and seasonal distril^itiono L^ume 
tree distribution is, in turn, influeu^d by soil 
moisture. In the wet tropics, ^5)ecies that can stand 
rainfall of 1,500 ran or greater per year (e.g., 

' Gliricidia SSSUSS) iQ^ be suitable. In the arid tropics 
(Africa, South Asia) drought-resistant species (e.g., 
. P rosopis spp.. M^izi&l^^ ^ be selected. Because 
rainfall in most areas is seasoial, i^ecies to be 
planted must have a wi^ range o£ moisture adaptability 
ranging from drought-resistance to ability to survive 
temporary water logging. Mai^ tree legumes have this 
quality (Table 2) . 
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COnpatMlitv Hlth Locally Preferred Food Crops 

l^>land farmers have their own nutritional preferences which, 
to a certain extent, are influenced by scciocultural factors and 
by the natural environnent in which tdieir food crops are raised. 
In wet lowlands, for exan$)le, farmers raise and eat paddy rice. 
In dry ii^ands, on the other hand, less moisture-dsnanding 
cereals such as corn or upland rice nsQf be cultivated. In 
regicHTs \^re winds are relatively calm, farmers may grow more 
crops that have above-ground products, in areas severely 
affected by strwig winds, however, they xoay cultivate root crctps. 
Once affinity for given food crops is established, the farmers 
hardly change crops to suit the intercropped trees. Instead, 
trees are selected that are ccnsatible with the food crops. 

Different food crops have varying requirements for sunlight, 
moisture, teniperature, and nutrients, alius, they will react in 
different we^ when interplanted with various trees, vhich 
thsnselves have dissimilar characteristics. Sctus food crops, 
such as upland rice, are light-demanding. If this characteristic 
is known befordiand, the farmer msr^ select tree epecies that have 
thin canc^ies that will allow as much sunlight as possi)}le to 
reach the rice crop, and to space tre^ as widely as possible so 
as not' to defeat the yield-increasing purposes of integrated 
tree-food cropping. On the other hand, food crops exist that 
have a tolerance or need for partial- shade in order to be 
productive. Coffee and cocoa, as well as Diosoorea . are well 
known for their partial shading needs and tolerances. In this 
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case, legumes with denser leaves, such as Asasia and Calliandraf 
wasf be chosen for Intercropping, or thin-cancpied species (e.g., 
jUfciaift) could be ^ced loore closely. 

Food crcps benefit from the nitrog^ supplied by leaf drops 
or terbage of nitrogen-fixing legume trees with which they are 
intercropped. It has been observed that there are certain food 
crops, however, such as rice and coffee, which, when sujplied 
excessively with nitrogen fixed by trees, grow t^idly but fail 
to bear flowers and seeds. Qearly, the legume tree conpatible 
with these crops should be one with a lower level of nitrogen 
yield. 

In order that the trees will not conpete with, and deprive, 
the food crcps of nutrients and moisture, deep-rooted species 
naist be chosen for agroforestry use so that the annual food crcps 
will subsist on the moisture and nutrients on the top soil leyer 
while the trees will absorb those in the lower soil horizon. 

I5£ aL and. Market for The Tree Products 

There are many products or end uses for legume trees grown 
agroforestry faians: fuelwood, poles, and pulpwood from the 
stems and branches; food and fodder from the foliage and fruits; 
and fertil-*3sr (green manure) from tiie leaves. In general, 
because" many upland farmers cannot afford to wait long and must 
harvest their trees early, the wood products they extract are 
anall and usually would not be suited' to the camercial 
production of sawn tinber and plywood. Thus the tree branches 
may be used only as fuelwood, poles, or pulpwood. 

Ob 
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The intended principal end use or ainbination of end uses 
will influence the selection of legume-tree species. For 
example, if the principal use is donestic fuelwood, the tree 
species selected must be: (1) straight-grained for easy 
splitting; (2) hard so as not to bum too quickly; (3) easy to 
ignite; and (4) not anokey **en burned. Such legume species as 
Calliandra f l£SiSS&&, and Gliricldla my be chosen. 

If the end use is poles for fencing or for propping up 
fruit-heavy banana plants on ooninercial plantations, as in the 
southern Philippines, the species must have long, straight, 
strong, durable stans. IfiusaSDa ^qppears to be a suitable 
i^ecies. 

If the wood is intended for sale to a pulp and paper 
factory, the wood must be light-colored, long-fibered, 
light-weight for easy handlir^, and easily debarked. EMziSi 
fftLgat^ria is an appropriate species to raise for this purpose. 

Finally, if the principal product is fodder, a species with 
palatable leaves and a rj^d rate of- leaf regrowth after cutting, 
such as Cfllliandra or isnss^, nay be selected. 

AvailablUty sL nmim 5fegs^ 

A trise species may possess all the characteristics highly 
desired by farmers, but if seeds, seedlings or cuttings for 
planting are not readily available, that species may not be 
adcjpted. A case ocample is the Giant Lsjasasia from Hawaii. At 
the early stage of its distribution, its incredibly high growth 
rate so iirpressed Southeast Asian fanners they created such a 
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large danand that not enough seeds were available and seed prices 
soared beyond their reach, m the end, most of the farmers 
setUed for the bushy or "dwarf" variety of the species, v#hich is 
not as productive as the "giant." 

csmcnsissics cp some nterogen-fixing legume orees 

TaSLJiSim.ESSSi:iSL a Brief Description 

Utie legume or bean family, consisting of ebaat 18,000 
qjecies, is one of the largest jiant families and also one of the 
most useful: it includes many of the protein-producing 
agricultural crops (e.g., winged beans, sung beans) and a nunijer 
of the beautifully grained tropical hardwoods that are in great 
demand for furniture and interior panelling (e.g., Pterocarous. 

TMo subfamilies, Miroosoideae (about 2,800 species) and 
Caggfllpeniftideae (also about 2,800 species) are ccn^sed largely 
of woody plants and therefore could be inportant contributors of 
species to the forestry ccnjonent of agroforestry systems, A 
large majority of the Mimosoidg (at 98 percent) , such as Leucaena 
and .Callianflga, are capable of fixing nitrogen from the 
atmosphere. Only 30 percent of Caesalpinioids have the 
capability, however. 

At preseit, legume trees are known to contribute five major 
economic productsj food derived from fruits, flowers, and 
leaves; animal fodder from the protein-rich leaves; fertilizer 
from tte nitrogen-rich litterfall; fuelwood from stems, tops, and 
branches; and tintoer from the main stem. 
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A few limitatiais and negative aspects of fast-growing, 
nitrogen-fixing legumes roust be understood clearly by fanners and 
other users so that they take appropriate action to avoid or 
minimize their inpact on farming activities. 

Tables 1-3 shtAf in sunmary form the characteristics and 
descriptions of selected legume trees. Table 1 is a description 
matrix of some inportant legume trees drawn from various 
references. Table 2 shows the uses and adaptability of certain 
species and is based an a scale developed during the Ohiversity 
of Hawaii network trials. Table 3 gives the properties of sane 
nitrogen-fixing tree legumes. 



R2 



Table 1. 



Ecological Require«„ts, Impacts, Uses, and Management of Nitrogen-Pixing Legume Trees 



ItMS 


Cassia siawea 


Acacia aurlcullfonals 


Plthecelloblua dulce 


Mlaasa scabrella 


ProsoDls alba 


Species tdcntlflcttlon 

Sjmonya 
umaa naw 


Cassia staMta 

Yellow cassia, wong, 
■injri. Iiassof-tree 
an^anh, cassia 


Acacia auricttllfomls 


Plthccellobiua dulce 

HlMsa dulces 

Manila tanirlnd, Madras 
torn, quachanll, kanachl 
blackhead, ooluna (Hawaii) 


NiMosa scabrella 
Miwosa bracatinqa 
Bracatlnga 


Prosopis alba 

Algarrobo bianco, tacu 
IbopI 


Distribution 
Countr)r(ies) 

of orlnin 


Southeast Asia froa 
Indonesia to Sri Lanka 


Papua Hew Guinea, Torres 
Strait Islands. Kortheni 
areas of Australia 


Froa the Pacific slopes 
of Mexico and S. Cal. 
thru all of Central 
AMtrlca to Colonbla 
and Venezuela 


rarana region or 
Southeastern Brazil 




Current geogrtphlc 
location 


Southeast Asia. West 
Indies, Central 
taerica, Florida. 
East and Hsst Africa; 
Southern Africa 


Papua NeM Cuinea. Torres 
Strait Islands, North 
Australia. Indonesia. 
Tanzania, India. Malay- 
sia, Nigeria 


SH U.S.. Central Anerica, 
Philippines, India, Sudar. 
Florida. Tanzania, Cuba. 
JaMica. Hawaii, Puerto 
•"CO, St. Croix 


Brazil, Portugal, 
Zaire, Spain, Mexico, 
Senegal, Ethiopia, 
El Salvador. Jtaaica, 
Argentina, Venezuela 


Arid zones of Northern 
Argentina, Paraguay, 
Bolivia 


LatitodlMl range 
Envlronental reqtilreaents 




Tropics 


Troplcs/subtroplcs 


Huaid tropics 





Soli 



Tenperature 



Altitude 

Rainfall/Moisture 



Iteep, Mil-drained, 
rich soils; tolerates 
soils Mtth laterite 
and Itwstone 

Cannot Mithstand 
cold but thrives In 
tropical heat 

LoNland 

Most prevalent In 
Kmsoonal areas Mith 
1,000 MR or aore and 
with 4-S Months diy 
season 



Wide range of deep 
or shallow soils; 
pH 3.0 to 9.S 

Huwid tropics; 
26 to over 

to about 60U ai 

1,500-1,800 an with 
6 annths dry season 



fti wst soil types: clay, 
colltic linestone, barren 
sands, wet sands with 
brackish water table 

Kara tropical and sub- 
tropical 

Mexico: Uki to 1,800 ai 
Burundi: Up to 1,500 ai 

450-1,650 an/yrj resistant 
to drought 



Well-drained soils; 
not selective but 
wet soils stunt Its 
growth 

Cool subtropical but 
can grow In Mna/diy 
areas 

2,400 ■ 



Sands with h.jh clay; 
tolerates sooe salt 



Hot frosty hardy; 
I50C - aean te«p. 



100-500 
to drought 



resistant 



Envlnmental li^acts 
Ai soli erosion 



Roots can bold soli 
in place: used to 
stabilize slopes In 
Indonesia 



Ulndb reaker 



On jgl1 Holstur* 
•nd Mtcr tabli 

on toll nutrients 

On undergroNth 



Soil cover crop tnd 
fhide tree to Maintain 
solf Moisture 



EconoMic uses 

HalnttCM and 
branches 



Fruits and steds 

leaves 
Other 



Firewood, ttiAer for 
cablnet-Msklng 



FuelMood, wood pulp, 
charcoal 



Productivity 
Hood yield 



Nitrogen yield 



Host for sandalmod 



V? to IS a?fl» 



Barfc contains in water 
soluble tannins shade 
tree 



Indonesia: 17-20 M^/ha/yr 
Halaysia: 



HiMseMent 

EstabllshMent. 
spacing, tiatng 



Tending care 

Pest and disease 

Harvesting 

Regeneration 



Direct seeding, scads 
rtqutrs no treatnent 
if thqr are fresh; 
old seeds Kist be 
scarified with hot 
water or sulfuric acid 



Heeding In the first 
year or so; protect 
fron browsing live- 
stock or wildlife 

Susceptible to attack 
ty scale insects 

Yields for 4 or S 
rotations; eveiy 7 yrs. 
harvesting. 

Coppices readily 



Ditvct seeding and 
nursery-raised seedlings 



Meeding during early 
years; treat seeds with 
boiling water and soak 
for 24 hours 

Zanzibar: Seedlings 
attackOw by Insects 
and neaiatodes 



Crpplces poorly; regen- 
e.'ation thru seedlings 



Nitrogen-rich leaves 
for huMis 



nitrogen fixer 



Shides out More desirable 
forige plants 



Firewood; general con- 
struction purposes; posts 



Pods for food and drinks, 
for fodder, seeds with oil 
for food and soap-auking 
Fodder 

Shade, hedges, omaaental. 
bark extract for tanning, 
guM froM bark, shelterlwit, 
flowers for honey 



Can reach a height of 10 m 
in 5-S years 



Firewood, pulp for 
paper 



Fertilizer; omanen- 
tal, fence 



14 nos.: 5 m till 

2 yrs.: B-g ■ tall 

3 yrs.: Up to IS H 



Firewood, wood for floor- 
ing, wine casks, shoe- 
lasts, and paving blocks 

Pods for cattle; Milled 
seeds for huM«n food 



Ulndbrcik and roadside 
planting 



In Argentina: 10 years 
old plintitlrns give 
7 aJ/hi/yr spaced 
2 X 2 M on a fair site 



Cuttings or seeds 



Direct seeding at 
3-4 seeds In shallow 
depression (3-4 on) 
at distances of 
2-3 M apart 



leaf spot disease; host 
for thombug; dofollating 
and boring insect nests 



Coppices vigorously 



Direct seeding but seed- 
ling transplanting is 
better at 2 x 2 x 4U cc 
when seedlings are 2-3 
Months old; plant in 
spring or the onset of 
rainy season 

Inoculate seeds with 
MesQuite rtiiiobia 



Eruchtd beetles attack 
seeds in pods 
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Table 1 (cont.) 



Itns 



IweM leucoccptult Protcpis diHensf s 



Sesbtnlt bliplnw 



SestwnU grandO'lon 



Alb»z»i lebbek 



Species identification 
Scientific niw 
Synonys 



leuoent leucocephtU 
Leuctena Qlatica 

LcucwM, ipll-ipi), 
iMtora, susjct yaje, 
■uxint leidtrec 



Profopis dillensls 



Algirroba, kl«Me, 
■esqulte> algaiTobo 
blmcoi algarrobo ds 
Chile 



Seibanla blsplnwa 
Sesbania aoileata 



Dahaincha, prickly 
sesban 



Seibania grandiflora 
AqatI grand! flora 

Agati, bacule, katurai. 
turi« gallitOt chogache, 
August flower 



Albiiia lebbek 

HjwMa lebbek . ailaofa 
ttrlisa 

Lebbek, karana, kokko, 
fryMOod 



Distribution 

Country(les) 
of origin 



Midlands of South 
Mexicot GuateMla. 
Honduras. El Salvador 



Peru, Chile, Eastern 
Argentina 



Tropical/subtropical 
areas of the Indlar. 
subcontinent 



India, Kilaysle, Indone- 
sia, Philippines 



India, Pakistan, Bangla- 
desh, Bunu 



Current geographic 
location 



Mexico, Pac, Islands. 
Indonesia, Pap^a Kew 
Guinea, Kalaysia, 
East and West Africa, 
South Aaerlca, 
Philippines 



South A«rlca, ilawail 



Tropical Africa, South- 
east Asia, China, Mest 
Indies 



Asia, Hest Indies, Cen- 
tral and South ARerice, 
Mauritus 



India, Bangladesh, Pakis- 
tan, tropical/subtropical 
North Africa. West Indies, 
South Anerica, Southeast 
Asia 



latitudinal range 



Tropics/subtropict 



Tropics/subtroplcs 



Tropics/subtropics 



Troptcs/subtropics 



Enviroracntal requiraKnts 
Soil 



Tecveraturs 
Altitude 

fUlnfall/Mlsture 



GnMS well In neutral 
or alkaline soils; 
sandy clay to san<y 
Iom; does not like 
acidic soils 

Tropical/subtropical i 
frost kills It 

Below SOO ■ 

600-1,700 M 
400-800 M (Philip- 
pines) 



HIthstamts high desert 
te^>.i requires 27^0 



Peru: 
India: 



(V to 2,900 M 
340-1 .230 ■ 



200-400 Midyear: very 
resistant to drought 



Grows on saline and 
alkaline wastelands 
and wet. alaost 
waterlogged soils 

Tropical/subtropical 



Up to 1.200 a 

550-1 .100-Hit resisUnt 
to drought 



Hide range Including 
.black, poorly stnKtured 
cl^y 



Tropical conditions; 
frost sensitive 

Up to aoo H 

(tore than 1,000 m with 
a few Ron Jis of dry 
season 



Hsist. well-drained loan; 
tolerates sea sprays 



Tolerates light frost and 
drought after first year 

India: Sea level to 
1.600 m 

500-2.000 M with wet 
suaaers 



Environaental iapacts 
On soil erosion 

On soil anisturc 
and water table 



Suppresses undergrowth 
in the Tirst 3-4 years 

Roots break subsoils 
iaprovlng soil penetra- 
tion 



For erosion control 



Used to reforest eroded 
land 



Good soil binder 



On soil nutrients 
On undergroMth 



MUrof«n fixer; nitro- 
gen froK foliage 

Shade out undergrowth 
during the first 3-4 
years 



Probably N-fixer 



Fertilizer fnw nodules 
and leaves 



Nutrients for lifterfall 
and nitrogen fixation 



nitrogen fixer 



Econonic uses 

Hainstea and 
branches 



Fruits and seeds 

leaves 

Other 



Firewood/charcoal. 
luMber/titber. pulp 
and paper, roundMood. 
construction Mterial, 
fence posts, banana 
props, direct fuel 
source for stea«- 
poMered generators 

Pods for food; seeds 
for beverage. Kdicim 

Fodder, H-source 



Shade and omasental. 
Mindbreak. tannin 
fro« barks 



Firewood; wood is 
easy to wort finish- 
ing saoothly and 
talcing a natural 



Pods are excellent 
food 

Fodder 



Firewood; pulp and 
paper; cordage fiber 
for fishing nets, 
gunny sacks, and sail 



6ua for textile and 
paper products 

Fodder for cattle; 
green mnure 

Uln&reak, shtie, 
hedge 1 cover crop 



Firewood, pulp and 
paper, roundwood, gua 
froM bark, tanning 
agent froM baric 



Pods for fodder, husan 
food 

Vegetables, fodder, 
green lunure 

Omaeental. shade, 
windbreak, fence 



Fuelwood, wood for furni- 
ture and houses; carves 
and polishes well 



Fodder 

ZOZ protein when young; 
green nanure 

Shade, r-'.tar for honey; 
omanental 



Productivity 
Wood yield 

nitrogen yield 



30-40 ■''/ha/yr (wan) , 
Philippines: 24-312 m'/ 
ha/yr 

Leaves contain O.S-U 
of the green weight 
or 4.3X of the dry 
weight In H 



15 bone-dry t/ha/yr or 
■ore where mre than one 
crop/yr can be harvested 



20-25 M^/ha/yr 



In 10-15 years rotation: 
5 ae/ha/yr 



U3 



Kanagenent 

Estabiisheaent, 
spacing, tilling 



Tending care 



Pest and disease 
control 



Harvesting 
Regeneration 



Seeds in hot water, 
then soak 2-3 days; 
direct seeding or by 
seedlings; plant at 
the start of rainy 
season at 2 x 2 ■ or 
2 X 3 M for bigger 
wood yield 

Heed control. Inocu- 
late soil, keep soil 
moist 

Use se*esan, ceresan, 
ferban, arasan for 
seeds; daoping off 
and fungal diseases 

For fuelwood, cut 
when 4-6 years old 

Coppices well 



Propagated by seeds; 
seeds nust be scari- 
fied In hot water or 
•sulfuric acid before 
planting 



Bruchid beetles 
destroy seeds 



Establishes easily by 
direct seeding; no seed 
treatnent required 



Can conpete with weeds 



Two harvests a year 

Two harvests a yea. 
are possible 



Propagates easily by 
cuttings or seedlings; 
no seed treatnent 
required 



Requires little mainte- 
nance 



Direct seeding; also sten 
or root shoot cuttings; 
boil seeds and soak for 
24 hours 



Heeding during the first 
2 years 



Susceptible to nenatodes; Protect from browsers; in 
also damaged by birds India, some fungus attack 



and grasshoppers 

3-4 years, although 
2 years is okay 

Coppices 



the leaves and pods 
10-15 years rotation 
Coppices fairly well 
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ItGB 


611rtc1dii sepiw 


Celllandra calothyrsus 


Acacia Kamsii 


Acacia seneoal 


Acacia seval 


Species {(Sentificetim 












Scientific ncM 


Gliricidia sepiua 


CalliMdra calothyrsus 


Acacia ttamsii 


Acacia Senegal 


Acacia seval 


Synonya 


Gliricidia aaculata 


Calliandra confusa 


Acacia mllissiaKi 


Acacia verek 


Acacia fistula 




Kadre ds cacao, nata- 
raton, kekauati 


Calllandra 


Black or tan Nattle 


Gua acacia, tiashab, gui 
arable tree 


Talh. shittin wood 


Distribution 












Country(les) 


Mexico, CMtral 
fVRericot irirxfivrn 
South taerici 


Central Aoerica 


Victoria, S. Australia, 
Hen South Hales, Queens- 
land. Tasnania 


Southern Sahara. Sahellan 
zone fraa Senegal to 
Soaalia. Sudan 


Africa 


Current geognphic 
location 


i4gxico, C. A«rica. 
S. Anerica (Brazil), 

U*cf Iffi/ltAC a<1a 

Southern Florida 


C. taericat Indonesia 


NeM Zealand, S. , C. and 
E. Africa. India. Sri 

Lfifixs* Parts OT L* men* 
ca« Indonesia 


Sudan. Senegal. India, 
Pakistan, Nigeria 


Africa. Egypt 


Laiicuainai range 


niMiia tropics 


iMia tropics 


» a — — * a. a — a. % ■- 

Tropical highlands 






Enviroraental requtmcnts 










O 


Soil 


Does mil in aoist 
-or dry soils, even 
Kith linestone 


Can srcH on infertile 
and heaqr conpacted 
clay Mith poor aera- 
tion 


Cannot tolerate calcar- 
eous soil; can groM on 
poor soils 


Grows in sand, clay 
except where rainfall 
is high (800* lon/yr) 
Mhich trill cause Mater- 


Often found on stony 
ground: grows on inst 
soli types even heavy 
clay 


Teaperature 


22-30»C 




Gool Ninters; sIom 
groNin on nign tenp*. 
frost tolerant 


Sudan: 14-43*'C 
India: |-< to <b^j 


Hot 


Altitude 


Up to 1.600 atMit 
Minly below SCO ■ 


150-1,500 H 


Australia: Up to 1.100 ■ 
Indonesia: Vip to 110 m 
Raul and soutn Merica: 
300-1,10011 


100-1.700 M 


Tropics: Up to 2,100 m; 
a lowland tree 


Rainfall/Misture 


1,500-2,300 m or 
■ore 


Over 1,000 «■ but can 
Mithstand drought for 
several innths 


500-700 m 


Range: 200-800 fa 
(^t.; 300-400 an; 
resistant to drought 


Drought tolerant; 
3S0t m/year 


Er.viroratental inpacts 












On svil erosion 

L 


Conserves ground 
Mater 


Soil binder on slopes 


Good on hillsides of 
up to 50-degree slope 


Ideal for reclaMtim 
of refractory sites 
and sand dunes <:nd Mind 
erosion control 


7 


On soil Moisture 
and Mater table 


Conserves ground 
water nfien it drops 
its heavy auntie of 
leaves 


Provides ground cover 
to reduce evapotrans- 
piration rate 









On soli nutrients 
Oi undergrowth 



Hltro^ fixer 



eround cover laproves 
soil: nitrogen fixer 

Cheenlcals fron lltter- 
fall 



Green Manure 



Nitrogen fixsr 



Nitrogen fixer 



Econonlc uses 

. Kalnstea and 
branches 



Fruits and seeds 

Leaves 

Other 



FuelNood, Mood for 
furniture, sull 
ai-Mcles. agrlcul- 
ti }1 Isplenents, 
tool handles, posts 
and heavy construc- 
tion 

FIcMers for bees 



Creen atanure or 
nnlnant feed 

Fence, idndbreak, 
shade, omaaental 



FireMood 



Fodder (7-10 t dry 
fodder/ha/yr) 

OntMsntal, firebreak, 
nectar for honey 



FuelMood, roundMood, 
tannin froa bark for 
leather products, 
pulpmod for wrapping 
paper 



Green aeoure 
Forage 



FuelKood, charcoal, 
poles, agricultural 
l«f>1einents 



Pods for fodder; dried 
seeds for food 

Feeds for canels. sheeps 
and goats 

Roots for ropes/nets; 
guB arable source 



FireMood, Iwter 



Pods and flower for 
fodder 

Fodder 

Edible gun when fresh 



Productivity 
tfood yield 



NItmoen yield 



Kanagexaent 

Establlsheent, 
spacing, tining 



8 «i^/ha/yp 



After first year: 
5-20 B3/ha/yr; after 
second year: 35-65 
■3/ha/yr 



10-25 M /ha/yr 



21-28 t Met leaves; 
Kith 240-285 kg N 



5 B^/ha/yr (dense): 
0.5-1 RM/ha/yr (sparse) 



Slow growing 



Seeds or cuttings: 
seeds In hot water 
and soak overnight 
befon: planting 



Tending care 
Pest and disease 

Harvesting 
Regeneration 



Tenilte resistant: 
aphlds attack foliage 
which leaves to fall 



Coppices easily 



Seeds or seedlings 
for plantations; 
planting should be 
done at the start 
of the wet season; 
transplant 4-6 nos. 
old seedlings at 
■1 X 1 B or 2 X 2 H 

Treat seeds with hot 
water and soak for 
24 hours 



Can be harvested 
annually 

Coppices readily 



Direct seeding; dormncy 
of seeds fs broken by 
fmerslng then In boil- 
ing water 



Hot serious but suscep- 
tible to attack under 
wet conditions with 
isore thsn 3,000 m 
ralnfall/year 

7-10 years 
Coppices poorly 



FrcM seeds: ovenilght 
soaking of seeds Is 
Effective 



Heeding for first 2 years: 
protect froM browsers 

Pods: Insects 
Roots: Temites 
Seedlings-susceptible; 
mture-reslstant 



Fro* seeds, large cut- 
tings: nick or boll 
seeds briefly 



Resistant: felled logs 
nay be severely daasaged 
by wood borers 



Coppices well 



SOURCES: "Firewood Crops" (HAS); "Tropical legumes" (HAS). 
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Table 2. Ratings of Uses .and Environmental Adaptability of Scane Nitrogen-Fixing Legume Trees 



Uses •urlcultfoniis 


Acacia 
Mngiw 


Albizta 
falcataria 


AIMzia 

lebbek 


Galtlandra 
calotliyrsus 


Oalbergia 
sisso 


Gliricldia 
sePluR 


Leucaena 
diverslfolia 


Leucaena 
leucocephala 


Sxainea 
sawn 


Sesbania 
grandl flora 
























Humn food 


e 


C 


C 


C 


C 


C 


B 


C 




8 


A 


Ficlwood 


A 


B 


C 


A 


A 


A 




A 




8 


A 


Poles 


C 


8 


C 


. A 


C 


8 




A 








Sfwnwood 


C 


A 


A 




C 


A 




C 








Pulpwood 


A 


A 


A 


C 


8 


8 




A 








Hoodcrift 


C 


8 


C 


A 


C 


A 




8 








Forage 


c 


C 


C 


A 


8 


8 




A 








Creen wmure 


C 


C 


8 


A 


A 


8 




A 








Environaental adaptablltty 


Acid soils 


A 


A 






8 






C 


C 




C 


Drought 


8 


8 


C 


8 


8 


A 


8 


A 


A 


A 


B 


Coppicing ability 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


A 


WntKua rain 
{m/yr) 


750 


750 


« 

1.S00 


600 


1.000 


500 


1.500 


600 


600 


600 


1,000 



*Ratings: A ■ Good 
8 ■ Fair 
C ■ Poor 

SOURCE: BrcMbaker. J.. R. Van Oen Beldt. «id K. KtcDicfceti. igsi. 
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Table 3. Properties of Some Nitrogen-Fixing Legume Trees 



^'<^l5. Alblzia Leucaena Leucaena Sesbania 

auHculi- Acacia f alca- Alblzia CalHandra G11r1c1d<a diversi- leucoce- Samanea grandi- 
Propertles fornis mangiuw tar la lebbek calothyrsus septum folia phala saman flora 



Specific gravity 0.68 0.65 0.33 0.58 0.65 0.75 0.55 0.54 0.52 0.42 



Hood yield 

(cm/ha/yr) 15 30 40 5 SO 8 25 45 15 



Average height gnwth 



e neiaht gnwth 

Mr) 2.6 2.5 5.0 1.4 6.0 2.5 4.0 4.5 



DiamL'ter at mtuHty 

M 60 25 100 20 50 20 30 35 



22 



2.5 3.3 



Height at Maturity 

M 30 30 45 30 10 10 20 20 45 10 



180 30 



NOTE: The atove growth figures are froa trials In HsMall and may be used as indir .tors only. Growth rates in other sites could 
vary widely fraii them. 



SOURCE: eretrtiaker, J.. R. Van Den Beldt, and K. HacOicken. 1981. 
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APPQIDIX 

SIMPLE FTRTD METHODS TO DBTEieilNE OR ASSESS 
SOIL ACIDm OR ALKALRim 

A soil sanple, thoroughly mixed with an equal volume of 
distilled or rain water, can be tested £or acidity or alkalinity 
any o£ the sinple methods described here: 
Li^SUg casscr-These are strips of chanically-sensitive paper 
that are wnite, blue, or red. The blue paper turns red in the 
presence ot acid and remains blue if the solution is alkaline ^ 
Bie red p^r turns blue if the soil solution is alkaline and 
remains red if acidic. The white paper turns either red or blue 
depending on whether the soil solution is acidic or alkaline. 
Litmus paper is usually sold in small vials containing 100 
strips. It is available from laboratory chemical supply 
ccnpanies. 

C&iiSL indicating ^ggcg— These cone in vailous brand 
names: "Hyarion," Fisher "Alkacid," and Squibb's "Nitrazine." 
ISiey indicate pH on the same principle as the litmus paper. When 
in contact with soil solutions they turn to certain colors that 
correspond to a given pH on a color chart, ihey are usually sold 
rolleu in a dispenser together with a color chart. For field 
technicians this is the roost convenient and d^oidable pH kit to 
use. 

ij'^icgting liguids—Tliese are solutions of various 
chemicals which produce a certain color upon reacting with the 
soil soluticnp and e« is read on a color chart just like with the 
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pH papsr. Persons wtx> do soil surv^ work prefer to use this 
kit. . 

Kitchen niethods— Soils that have high calcium carbonate 
(haicer alkaline) can be easily detected by wetting the soil with 
a £eH drops of a veak solution of nuriatic acid, vinegar, or lime 
juice, /fite presence of the mineral can be ccHifirmed by the 
apgpearance of bubbles as a result of its reaction with the acid. 

Infermce jDsthOSSr-Persons with experieice in soil survey and 
classification can make a good guess of the alkaline or acid 
condition ot certain soils. Yellow or red soils are geierally 
acid due to the abundance of ir<» and aluminum ccnpounds. Black 
or dark brown soils with heavy cls^ texture are generally neutral 
to alkaline. Soorly drained soils that are subject to rapid 
drying in some months of the year are generally alkaline because 
of the accumulatioi ot salts. 

Electronic iDSi^]Q^—<[hese are portable electronic 
instruments called pH meters. Unless one is engaged in 
sciaitific research these instrumaits r ,t recGmnoided for 
routine field use. Hhese instrunents are expulsive and require 
technical skills and knowledge to operate then. 
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In some countries, the value of agcoforestry as an effective 
tool for reaching ecological as well as econonic development 
goals has be^ well recognized. Policymakers have adopted 
2igroforestry as a desirable system of land use in upland areas 
and steps have been takai to prcroote and iirplement agroforestry 
listens among upland faxiners. Before an agroforestry project is 
planned or inplemented, however, certain preproject tasks need to 
be undertaken. 

soaoEQcexxiic surveys 

It is essential that the existing social and economic system 
is first surveyed to obtain background infonsati^ that will 
allow the program planners to idoitify the needs of the target 
farmers as well as the key constraints. By responding to 
expressed needs, a program will have a better chance at adoption. 
The proposed progran must be technically feasible, economically 
attractive, and socially acceptable if it is to be adopted by 
farmers. 

Utie required surveys can be carried out by extensioi 
officers or other staff and should be designe<3 to measure the 
particular conditions in any given area. Besides identifying the 
presently available levels of land, manpovjr, and capital 
resources, the surv^ provide a baseline roeasui'enent of the 
preproject situation. If a project is ijiplemented, the 
postproject conditions can then be centred to the earlier 
situation to determine the extent of econonic or social benefits 
from the project. 
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SSisSif £UfilUSfidf SS^iSLi SSd Fgrtilizei. one o£ the first 
steps in agroforestry project plamning is ^ assessroent of the 
current donanci for and supply of food, fuelwood, fodder, and 
fertilizer in the project area. This survey will determine the 
main sources of supply and the of demand for these products. 
By identifying the amount of time and resources spent on 
supplying any of these products, th^ possible contributicns of 
agroforestry products can be idaitified. Demand can cone from 
the farmer his family, from other families, or from a local 
market. 

In determining the relative demand for and supply of various 
goods in the project area, the researcher, who may be a local 
extension officer or scineone from ou&side the study area, may 
consult agr.cultural research institutes, local statistical 
offices, oUier govensneit agencies, and the local market. A 
better ^roach, however, is to obtain data directly from the 
f acners themselves through persoi^ interviews of randomly 
selected respondents. 13ie researcher can obcain the desired 
information through the use of a prepared questionnaire. By 
using systematic sampling techniques, the researcher can collect 
reliable information without having to interview all the farmers 
in the connuni^. 

A sample surv^ is not presented here. The designing, 
pretesting, and conducting of a conplete socioeconomic survey is 
a specialized task. When a survey is required, assistance should 
be sought from a suitable source such as the local statistical 
office, a university, or a governroont survey office. Itony 
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different surv^ forms already exist, but any general form will 
have to be evaluated and perhaps modified before it is pretested. 

For an agroforestry project aipraisal a survey might 
consider the supply of and demand for food or f uelwood or fodder 
or organic fertilizer. If the survey reveals that a shortage 
exists or that unduly large aniounte of resources are used to 
obtaiii one good, this may indicate a potential role for 
agroforestry production. For exanple, if collecting firewood or 
fodder requires many person days each month, a fast-growing tree 
that is a good firewood or fodder producer may be useful, on the 
other hand, if fuel and fodder are not proolans but low crop 
yields are, a tree variety that produces large amounts of green 
manure may be called for. By identifying key problan areas or 
urgent needs, the planner can devise projects that will have a 
better chance of adoption and success. 

Jtiy m tat Y Available Local Resources 

An izxventory of local resources such as land, labor, and 
capital is a way of determining present resource availability and 
utilization at the village or project level. Whc; a specific 
locale is considered for an agroforestry project, »*ether it is 
an individual piece of land or a wider area, tlye development 
worker should collect as much available infonnation as possible 
about the area. Several factors that roust be assessed clearly 
are discussed here. 

ISSSiSl Laos hiss. AvgiAafel.fs ism Productip n. n^e aggregate 
land resource available in the project area and land resources 
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per household should be determined. Land distribution and tenure 
relationships are infortant. 

Isncl RecM»^ £SL Subsistence. Has refers to the miniiaini 
■I 'j^i area required for subsistence production. The subsist^ce 
^valent can be calculated for a specific location, crc^ mix, 
and dietary preference. This area can th^ be caisared to the ' 
available land resources to determine if a land constraint to 
agroforestry developroait exists. Of course, land rejuired for 
subsistence production is a function of the level of productivity 
as well as institutional factors. 

L3i32JL E^nployment. Based m farm calendars constructed from 
farmer interviews, labor availability fay period can be 
determined. OSie peak and slack labor periods can then be 
coordinated with the labor requirements of a proposed 
agroforestry project. The opportunity cost of labor also needs 
to be examined. Off farm employment may be substantial and could 
be a major source of cash income. 

Competition ^ £aBi^. The availability of capital to 
implement the proposed agroforestry project and the willingness 
of farmers to connit these resources will have to be examined. 
If local capital is insufficient, government may need to provide 
support in the form of grants, aid, or credit. 

Developnent workers can inventory local resources by 
consulting local officials and other govemmeit agencies and by 
interviewing the farmers themselves through questionnaires. 
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gurvgy af- fixigtina Production Systans ^ Possibls ^SSS. for 
figroforestry 

In addition to an invaitory of locally available resources, 
detailed inforroatioi on existing production systems is needed. 
This inforroatioi can be obtained by survey techniques; the survey 
vdll idoitify the different fanning systenis used prior to the 
introducticHi of agrof orestry, Biese systems should be analyzed 
in order to understand why they have beesi used continuously by 
tlie local famers, and to determine whether there are features in 
coninon with agrof orestry that may make a&ygticxi easier. A 
questionnaire that will aid in gathering information about the 
curreit practices of food and tree production should be developed 
and farmers interviewed. Field visits will also be usefiil. 

Knowing the good points or benefits of the existing 
production systems is in^ortant in the development of an 
agrofor^stry system paited to a specific site and group of 
people, h proposed agrof orestry project should integrate 
existing beneficial farming practices into the new system, m 
this way. the farmers feel some continuity of cultural practices 
as well as acceptance of part of their traditional approach. 

MOfnvmNs LOCAL people ho PAmaPATE in agroeohestoy 

Rural develrprnent projects formulated by central government 
planners to iiqprove the social and economic status of people in 
the countryside are oftoi not successful, Qns in|x>rtant reason 
for failure is a lack of cooperaticn and support from the same 
people' the develc^nent programs are supposed to baiefit. This 
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lack o£ interest and cooperation on the part of local inhabitants 
sometimes stems from their being takei for granted and not being 
given OE^ortunities to participate in the planning of the 
project, although they nay later be invited or even forced to 
participate in the inplemaitation. This is particularly the case 
with female farmers vlaa f regusitly produce much of the food and 
fuelwood consumed in the tropics. 

Phases Where Jfisal Participation i£ Inportant 

Successfully introducing agroforestry systems to an upland 
ccniiunit^ requires involvement and ^rticipetion of that 
ccnnunity in all j^iases of the project. Fanners— both male and 
female— should be involved in several ways. 

Piafelan I<affltjifigat4Qn« Farmers can list the problems 
ccninraily faced by the ^peagle in the upland community. Such 
problems include rapid hillside erosion that causes declines in 
food out^t, excessive forest cutting that has resulted in 
fuelwood shortages, or lack of wood for onrfarm use. 

When preidentified problems became the focus of the project, 
the people are more likely to recognize that the project is for 
their benefit and they may participate more enthusiastically. 

Goal Setting . Goals can be set as targets and, if the 
project can meet these goals; farmer support for tte project will 
increase. Examples of goals are the provision of so many kg of 
fuelwood or fodder per year trcm fast growing trees, a certain 
increase in staple food yield, or some measure of erosion 
cc^trol. 



7 



l^ept^ifyanq Alt^mafTivg .Sglwti^ Ho. 33i£ KsiaAgii. once a 
probian has been identified and goals set, alternative solutions 
to the problem can be proposed. For exanple, possible soluticais 
to an Inland erosion problem include: 

o terracing to stabilize the soil ' 
o applying fertilizers to replace nutrients lost through 
erosion 

o interplanting trees with food crops to stabilize soils 
and provide organic fertilizer 

Qie iirportant advantage of this process is that fanners are 
usually more familiar with possible alternatives than an outsider 
would be. Fanners icnow vAiat can work, vbat is feasible, and can 
suggest an array of practical and site-adapted solutions. 

IdffltifYMW ^ Sufe§l2l£ Alternative . There are 
various w^ of judging alternatives. Some are based on straight 
economic analysis while other ways incorporate more social or 
cultural values. Farmers may add practical methods or criteria 
for project selection. a!hese criteria may include such things as 
choosing the alternative that results in highest food yields per 
hectare per year, uses the least labor (and maximizes leisure) , 
demands the sndlest cash cutlery, Involves a "aice-only" action 
rather than a recurrent series of actions or work, or solves one 
or more problems simultaneously (e.g., fodder and fUelwood 
shortages) , The inclusion of these criteria may result in 
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selection of an alternative solution dif ferait from one based on 
econondc an2d.ysis aloie, 

liiplanentina !]ijSL Selected ££Q3sst. Since the farmers 
theoselves cuce involved in selecting the solution to the problem 
from among several alternatives r they should be more eithusiastic 
about participating in project in^eroentation. 

Mcyiitorinq . Pis iiic>leDentati(» progresses, moiitoring of 
results is necessary to determine whether the set goals are being 
adiieved or are likely to be reached. If not, modificaticns can 
be made, and with the farmers' un&rstanding and participati(» in 
the process, these changes may be both effective and more readily 
accepted. 

Mobilization of Local Ccmrunities 

H^nbers of the local ccnnunity should be involved in 
developnent projects such as agroforestry. When individual 
contact is not possible because of the limited resources of 
extension agencies, another e^roach is to reach the formal 
(elected) as well as the nonformal (traditional) connunil^ 
leaders, ind, through them, reach others. Because of their 
position in the ccnnunity and their familiarity with the local 
population, these leaders usually have greater credibility with 
and influence over their people ccnpared to an outsider like a 
newly assigned ext&isicm worker » 

One approach is for the extaision ag^t to gain the 
coc^ration and support of local leaders oy involving than in the 
phases of develqpnient planning as outlined earlier, including the 
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inplenentaticn 0iase. Once tOiat stage of rapport and cooperation 
is reached, the leaders could assist in spreading favorable 
information about the project among their comunit^ in two ways: 

1. By acting as spokespe<^le in favor of the project. 
Hieir deep involvement in the planning ^lase gives them " 
a level of understanding that wocdd make them effective 
and convincing advocates of the project. 

2. By demaistration. During the inplementaticn stage the 
local leaders can develop their individual projects to 
serve as demonstration plots, if the plots are 
successful, that is, if the goals are achieved or the 
problans solved, other members of the coraraunity may be 
more inclined to support the inplenentation of the 
project, and eventually the entire conmunity would be 
involved. 

In addition, groups other than established connunity leaders 
may be approached. If these f requaitly ignored groups — such as 
wcroai, landless labor, and ethnic minorities—are ijwolved and 
helped, they may prove to be aithusiastic and dedicated workers. 
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As an integrated cropping s^stm, agroforestry is expected 
to produce, en a continuing basis, a mix o£ outputs not normally 
found in intensive monoculture or singlfr-crop systems, Oliese 
products may be classified roughly into two groups: food 
products (including fodder) yielded by both the agricultural 
crops and tree crops; and wood products extracted from the trees. . 

Legume-tree-based agroforestry normally yields greater 
sustained outputs per hectare per yeeu: conpared with agroforestry 
with ordinary trees. Die pjiroary reason for this yield 
dif f ereice is the nitrogen fertilizer ccmtributed by legume 
trees. (See "Selection of Legume Trees for Agroforestry."} 

Food crops and tree crops are usually integrated in 
agroforestry on the same unit ot land either in a sinultaneous or 
alternating manner. ZSae system of productioi for each type of 
output is discussed separately here for convenience and clarity. 

FOGD CROP PRODUCTION IN ASROFOBESTRY 
In the view of the subsistenceH^pe inland fanner, staple 
foods for heme consuicption rather than wood are the most 
inportant products of agroforestry fcuons. These foods consist of 
cereals' (e.g., rice, corn), root crops (e.g., taro, cassava, 
sweet potato), and pulses (e.g., beans) and are mostly annual 
rather than perennial food crops. 

^Die need for continuous food production and the farmers' 
inberent desire for permanent land tenure suggest that integreil 
rather than the Taungya or swidden agroforestry system should be 
arplc^ed (Figure 1) . In terms of space aurrangero^t, border tree 
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Figure 1. Tenporzd arranganent of crops in agroforestry, 

NOTE: It is assumed- iiiat the forest fallow is ready for cutting 
aind burning or for harvesting in 10 years. 
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planting, alternate row^ or alternate strip (or alley cropping) 
can be used, but either of the last two may be suitable (Figure 
2). 

Because food producticxi is the major aim of subsistence 
farmers, more of their farmland is often allocated to food rather 
than to forest ctaps. The divisiai of 7tand use between food and 
tree crops may range from 50:50 percent to as much as 90:10 
percent in favor ot food crops. Legume trees integrated with 
food crops help stabilize the soil and supply organic fertilizer, 
especially nitrogen. 

Productivity of Leauroe-Fertilized Food Crops 

It has been clearly demonstrated in research plots that food 
crops interplanted with nitrogen-fixing legume trees are 
generally more productive than those planted as a single crop or 
interplanted with ordinary trees that do not fix nitrogen. It is 
logical to expect, therefore, that as long as the legume trees do 
not overcrowd and over shade the food crops, and as long as the 
trees are appropriately matched with site conditions to aiable 
them to fix sufficient a-uounts of nitrogen to satisfy tiie 
requirements of the food crops, legurae-tree-based agroforestry on 
upland subsistQice farms will be more productive. 

Nitrogen fixed in root nodules of legume trees reaches and 
benefits the intercropped plants through natural biological 
processes. The fixed nitrogen eventually ends up in the leaves, 
and when these leaves fall on the ground and decon^se, nitrogen 
is released back to the soil and used by the shallow-rooted food 
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Figure 2. Spat:ial arrangements of crops in agroforestry. 



.97 



5 



crops. As much as 60 percent of this recycled nitrogen is lost 
to the atmosphere through denitrification and leaching, however, 
leaving only about 40 percait for use food plants. 

Green manuring can be adopted as an alternative approach to 
natural nitrogen recycling. Instead of waiting for the leaves to 
fall and decay, the famer can prune the tree tops and oranches 
at regular intervals, say perhaps every 6 or 8 weeks, and spread 
thera among the food crops as mulch and organic- fertilizer. 
Trials in the Kiilippines using pure I^ysaena plantations, for 
exairple, show that pruning every 8 to 12 wedcs produces 10 to 24 
tais of fresh gretai manure per ha per year. Olhe nitrogen 
equivalait has been noted to vary from 70 kg to about 500 kg per 
hectare per year, depending on the nitrogen-fixing rate of the 
tree species as influenced by site conditiois and the Rhizobia 
present in the roots. 

Le^c^gn^ green manure in separate Hawaiian and Philippine 
experiroa>ts shewed corn yields increasing by about 100 percent 
over unroanured control crops. OSie Philippine study dema^strated 
that all the nitrogen needs of the corn had e^rently been 
satisfied by the Leucaaia intercrop^ as suggested by the fact 
that further additions of 10 kg and 20 kg of conroercial nitrogen 
per hectare, respectively, produced no greater increases in com 
yield. 

In another trial, on lowland fields, 8 tons of Leucaena 
leaves per hectare applied to rice variety IR 36 rice crop 
produced results comparable to application of 69 kg per ha of 
ccninercial nitrogen fertilizer; yields increased by 89 percait, 

•^8 
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Similar tree-food crc?> conbinations using Leucaena or other 
legime trees may or may not yield the same outputs, depending on 
%rt)ether the conditions are aanparable. Additional trials are 
needed in other countries using locally available suitable legume 
trees such as Sgstolia and Gliricidia . 

MaP9qg?iifflt SL TsssrSQS^ Crop mterplanting 

Either the alternate row or alternate strip system of crop 
arrangement is reccinmended for tree-food crc^ interplanting to 
maxiinize the soil-stabilizing role of the legume trees on upland 
farms. The strip of trees consisting of two or more rows may be 
planted at the start of the rainy seascHi as hedges along contour 
lines or across the slope. If it is decided from the start that 
the trees are to be used only to stabilize and fertilize the soil 
and not to yield wood products, they can be spaced 20 cm or less 
along rows and 1 m or less between rows. A strip 4 m wide or 
greater between hedgerows is reserved for food crc^ (Figure 3) . 

The close tree spacing along the row makes each multiple-row 
strip an etfeccive "fence" that blocks the downward movem^t of 
soil eroded fron the cultivated strip directly above it. In 
about three years, a slope becomes a series of natural terraces 
with the hedgerows serving as risers (Figure 4) . These terraces 
add further stability to the slqpe and serve as cheap and 
etfective soil conservatioi measures. 

Because the tree spacing in the hedgerows may be too close 
for producing fuelwood and definitely too close to produce 
tirtber, the roost likely tree products that may be harvested 
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regularly are leaves either for fodder or for green manuring. 
Pruning may istart frcan 3 to 6 months after establishment. Hhe 
interval of pruning is ijiportant: if it is too short, the trees 
may die since they will not be able to grow enough leaves to 
manufacture food for themselves through photosynthesis. On the 
other hand, if the interval is too long, trees may develop into 
tall, shady hedges that reduce sunlight that can reach the food 
crops, thereby reducing food yields. In some, trials in the 
Philippines, 2 to 3 months between pruning have been found 
suitable, but other intervals may be more ^rcpriate under other 
site conditions using other tree species. 

TIhe height of the sturops after cutting is also iirportant. 
Although the trees survive with as short as 7.5 cm stunps, their 
herbage yields are greater when the stunts are taller, as shown 
below for trials ot Leucaena in pure plantations: 



Stuirp Height Herbage Yield (dry herbage per ha per year) 

15 an 10.7 tons 

150 an 15.8 

300 an 23.8 

Source: Alferez, 1977. 

A cai{>ranise betweai yield and convenioice is often 
necessary. For instance, stuirp heights ranging from 90 to 100 on 
will not be as productive as the taller ones, but these 
waist-level heights make it convenient for the farmers co perform 
the cutting (^rations with hand knives or machetes. 
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Pruning rates for various species may differ because of 
variatiais in growth and cx^icing abilities. More trials at 
dif fereit sites using different species are necessary to 
determine optimal pntiing rates. 

FOGD ERCroCTZON FROM LEGOHE TREES 
The forest ccnponent of agroforestry, especially if ccnpjsed 
of legume trees, also may serve as a source of protein-rich human 
food. In Asia, flowers of some species, such as Sesbania and 
^alj,1:i<?i<aiaf are eaten as vegetables. Similarly, fruits or pods 
of others, such as Sesbania. Leucaena . and ESSjii&t are harvested 
and consumeii as grains or as vegetables for th<iir protein 
content. It is not surprising, therefore, to find some tree 
legumes now being cultivated for food among annual crops. 

If legume trees are integrated into an agroforestry system 
and are grown for their food products rather than wood, their 
stens and branches normally should be left uncut, because pruning 
tops and branches or harvesting stems may interfere with 
flowering and fruiting. This means that the trees could become 
tall, with broad crowns. Tb prevent them from shading out annual 
food crops, and at the same time to prevent them from growing too 
tall for convenisit food gathering, they should be planted 
farther apart— at least 5 m by 5 m depsiding on the species' 
inherent growth characteristics. Or th^ iteY be planted at 5 m 
intervals along the borders of fields, leaving the caitral part 
of the field open for food crogs. • 
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Becauise nitrogen and organic natter from deconQOsing fallen 
leaves may be found only within the reach of the tree crovm 
listens, and since the nitrogen in the root nodules is not 
usually avail^le directly to the food crops as long as the trees 
are living, wide spacing of the trees will make little or no 
nitrog^ available to the annual crops locatied far from the trees 
unless heritage is deliberately cut and carried to them. Ihus, 
food yields from the annual crops may be lower than when tree 
spacing is closer and more regular, as in an alternate row or 
alternate strip arrangement. 

Dif f er^t tree ^cings are used whoi legume trees are 
planted as a direct food source as opposed to whei they are 
interi^anted primarily as a source of nitrog^ for annual food 
crops. Whai a farmer is deciding whether or not to grow legume 
trees in an agrof orestry system primarily for food and only 
secondarily for fertilizer, a con^rison should be made betweei 
the value of food yielded directly by the trees using one spacing 
and the value ot increased annual food crop production using 
another spacing. In the former system, legume trees are valued 
for their producticm of seeds and fruits; in the latter system, 
the trees are valued for their nitrogai contribution to annual 
crcfp productioi. Depending c»i quantities produced and prices, 
one system may be eooncniically more attractive than the other. 

It is possible that fanners may never want to raise legume 
trees in aqrof orestry systems solely for their food products. 
Olhey may grow and integrate than for their soil stabilizing and 
fertrizing role and for their wood products and regard food 
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yields in whatever quantity merely as a bonus. If this is the 
case, they will grow and space them accordingly and then harvest, 
lop off, or prune them in accordance with schedules dictated by 
the iDore iniortant eni products. 

FOCDER FRCOUCnON FBDH LEGUME TREES 
Leaves of many legume trees, such as Leucaena . Calliandra . 
^^Ii£lsMiar and Sesbania. are palatable to livestock. Because of 
high protein content (from 15 to 25 percent) , legume tree leaves 
make good fodder or supEd.ements to other feeds. Thus, legume 
trees in agroforestry systems could be used to produce fodder. 
Care must be takoi, however, to establish tree species that are 
conpatible with both the livestock and tlie site. One tree 
species, Leucaena leucocephala f contains a toxic substance called 
mimosine, which causes animal health problems (such as falling 
hair) in Australia. Bowever, similar problems have not bem 
r^rted in Asia. 

Fodder may be produced from legume trees in two possible 
ways: (1) by cutting otf the branches and leaves and feeding 
them to animals located elsewhere; and (2) by allowing the 
animals to greize directly among the trees. Because the trees are 
integrated into an agroforestry system, and the interplanted 
agricultural crops could be damaged by grazing animals, the first 
system, cut-and-carry, would seem more suitable to agroforestry 
fooder production. 

On the other hand, where shortrduration crops, such as 
upland rice or corn, are interplanted with fodder-yielding legume 
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trees, it may be possible to allow animals to graze in the field 
periodicaily, perhaps iimediately after the cereal crop is 
harvested and prior to planting the succeeding food crqp. ihree 
advantages ot this systan are: (1) the animals may feed on the 
cereal stalks as well as on the tree legumes, thus increasing the 
amount of forage available per hectare? (2) the labor o£ cutting 
and carrying the fodder to the animal pens is eliminated; and (3) 
the manure produced by the grazing animals is recycled directly 
into the field. 

Legume trees raised principally for fodder in agroforestry 
systems will at the same time stabilize and, to sane degree, 
fertilize the soil to the benefit ot the food crcjps. They will 
not produce fuelwood, however, because, as in the case of green 
manuring, the tops and branches are pruned regularly and used as 
feed on site or carried to the penned animals, OSiis frequent 
cutting demands that the tree species chosen must sprout, or 
coppice, rapidly and profusely. Legume-tree species such as 
L^yp^gPS and Gliricidiaf the leaves of which are palatable to 
livestock, have this coppicing capability. 

Whai lopping off the branches and tops, as in the case of 
producing greoi manure, stuir.-s must be left at heights that are 
convenient for farmers yao cut or easy for animals to graze on the 
coppices. In gaieral, from 30 cm to waist-high stun^ are 
adequate, although as pointed out earlier, the higher the stunp, 
the greater the fodder yield. Bie highest yield cones from trees 
where, instead of pruning, the leaves are siirply plucked from the 
twigs. The added labor needs f6r this slow process must be 
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balanced against the added yield when deciding what methods o£ 
forage-harvesting is used. 

I£ the trees are pruned for forage at apprc^riate intervals 
(see green manuring, page 5) , a few trees may need to be left 
uncut, perhaps 10 to 15 per hectare, as shade trees for the 
livestock. Hias is especially iii{ortant to prevent livestock 
dehydration in hot regions. 

^ most cacplex agrof orestry conbinatioi is one that 
carries ail three con^ionents: food crops, trees, and animals, as 
described above. The roost usual forms consist only of two 
con^nents, however, such as a crc^tree carbination or a 
livestock-tree conbination. Haxs, a farmer may sometimes grew 
legume trees alcxva for fodder with no food crqps interplanted. 
In this case, the animals may graze directly on the sprouts at 
the tree stun^. Tree spacing in this case would depend on the 
need for animals to move about rather than on the fertilizer and 
shade needs of food crops. Spacing between trees could be wider, 
5 to 10 m, with fron 100 to 400 trees per hectare. An advantage 
of wide spacing is the possible additional forage frcni grass 
growing among the trees. 

In another conbination of products, livestock and tinber can 
be produced siraxLtaneously if the trees are lett unpruned and are 
spaced widely enough to allow suf f ici^t amounts of grass to grow 
on the forest floor to fill forage needs. With this system, 
however, the high-^>rotein legume tree foliage no Icaiger serves as 
forage^ Only the grasses growing under the trees and fertilized 
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by nitarogen-rich litter from the legumes, will feed the 
livestcx:k. 

FUELMOOD EKDOCnON FOR DOMESTIC USE 
Next to food, fuel is extremely iniportant to the inland 
fanner for cooking, heating, and lighting. !rhe most readily 
available, the cheapest, and most familiar fuel oa the farm is 
wood. In sane vqcdand areas, other forms of fuel are either 
unavailable or too expensive, and fuelwxd may be the only source 
of energy that the farmer can depend upon. A t^ical Asian farm 
family of seven marisers uses 3 to 5 m3 of wood per year for 
cooking alone. 

Fuelwood for farm use is usually c±>tained from forested 
areas. In nany cases, however, the forest has receded so that 
the time and etfort needed to find, cut, and carry heme fuelwood 
from distant sources have become excessive. In desperate search 
of fuel substitutes, some feuxiers have cut down fruit trees and 
used dried cattle dutig. Action is needed to remedy this 
deepening rural energy crisis and to make upland farmers and 
their lowland counterparts self-sufficient in fuel. 

As discussed eeurlier, v^re food is the major product of an 
agroforestry system, the tree's role may be confined to r^ering 
service (e.g., soil stabilization, soil fertilization) rather 
than yielding outputs (e.g., fuelwood, tinber). Under a system 
where the two major and simultaneous products are food and 
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fuelwood, the trees are interplanted both for their ecc^logical 
benefits emd for the wood that they produce. The techniques for 
cultivaticm and interplanting for a fuelwood^roducing 
agroforestry system are basically the same as that for the 
crop^roducing agroforestry system. OSiere will be csily slight 
changes in tree and crop spacing and in the methods and timing of 
harvests. 

As in the staple food production systera, the trees and food 
crcps in fuelwood producti(» may be arranged in the border 
planting, alternate row, or alternate strip systems. Because the 
trees will be allowed to grow Icirger to produce fuelwood, 
however, they need to be spaced farther ^rt than in the 
fodder-yielding or green manure-producing hedgerows. ^>acing 
trials of Leucaena by the University of Hawaii shewed that 
1/2-m-by-l-m spacing yielded the highest volume at age 3 (Tfible 
1) , but the widest spacing, 2 m by 1 ro, had the leurgest average 
tree diameter. Because the main objective is to produce fuelwood 
for domestic use rather than for coninercial or industricil 
markets, aggregate wood volume rather than tree diameter is more 
iirportant, so 50 an by 1 m spacing is best for Leucaena under 
conditions similar to that particular trial site, but not 
necessarily in others. 

Other coniDon legume trees that have potential fuelwood uses, 
such as Calliandra and Gliricidia . have not yet been planted in 
similar trials so yield-spacing relationships are not well 
documented. Local trials will have to be made to obtain reliable 



16 



Table 1. Canparative Growth Rates of Ifijjsasna 
at Waiinanalo, Ilawaii 



^cing (m) 


Fopulation (trees/ha) 




volume (ni3/ha)a 








Age (years) 






1 


2 3 


2x1 


5,000 


20 


45 70 


1 X 1 


lOrOOO 


40 


95 140 


1/2x1 


20,000 


45 


105 145 


1/4x1 


40,000 


55 


85 90 



derived xrom qtaj^t rounded off to nearest multiples of 5. 
Source: R. Vto Den Beldt, 1991. 

iiifonnatl(Ki as bases for other local agroforestry-fuelwobd 
projects. 



Under the alternate strip arrangement (Figure 5) , the trees 
at the edges ot the hedge nay be triraned low for two reasons: 
(1) to produce wiinal fodder or green manure for the food crops; 
and (2) to reduce shading of the food crops'. This arrangeniait 
would be necessary csily if the trees are allowed long rotations 
of Uiree years or itore. If trees are harvested yearly, however, 
they are not tall enough to pose shading problems, and the tops 
and leaves will be used for green manure only ^ilnsa the trees are 
harvested for fuel. 



Bst^blishing gyetoBsa acgs CsssBS. 

Fuelwood crops may be established by direct seeding, by 
seedlings, or by cuttings; most legume trees can be propagated by 
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Fuelwood crop strips 
I 

1f 



i-Food crop strips-] 



Alternate strip arrangement . 



Figure 5. Altematie strip arrangement for focxi-fuelwood 
production. 

an^ of the three methods. Ohe choice should be based on 
cnnparative costs and survival rates. For example, use of 
seedlings regciires establisfaiitait ami operation of a nursery and 
transplanting of the seedlings. 2iis approach results in added 
costs, but it also means higher survival and growth rates, 
especially since it affords an OE^rtunit^ to introduce the 
needed Rhizobia . Transplanting of tai stands out as the best 
choice, especially in countries vbere labor is plentiful and 
cheap. 

Upland food crt^s, unless properly terraced and irrigated, 
are totally dependent on rain for moisture and are usually 
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establisned at the start ot the rainy season, it is logical that 
tree props be established under the same time schedule to ensure 
survival, 

Tb make sure that the trees perform their soil-stabilizing 
functions etfectxvely in addition to producing fuelwood, the rows 
and strips naist be established along the contours or across the 
slope. (See J^pauSix on the use ot an A-frame to locate contour 
lines.) Each strip or hedge may consist ot three to five tree 
rcws 1 m apart. Bie trees should be not less than 50 cm ^art 
alcaig the rows. 

Harve?tyw gsd Regeneration for Sustained Fuelwood Yields 

Assume, for illustrative purposes, that trees spaced 50 an 
by 1 m yield 100 m3 per ha (about 30 percent more conservative 
than the Hawaii trials) at age 3. This means that 100 ib2 of land 
is needed to yield 1 m3 of fuelwood. To fill the farm fanily's 
annual fuelwood needs of 5 m3, a tree plantation of 500 is? will 
be needed per year. This is equivalent to a five-row tree strip 
4 m wide and 125 m long. Since it takes three years to grow the 
trees to harvestable age, each farm family should have at least 
three 4 m by 125 m strips ot fuelwood plantations on their farm. 
If the fanily plants oie strip per yeeur, they will have three 
plantations on the fourth year aged (»e, two and three years, 
respectively. From that fourth year onward, they can harvest one 
strip per year, and there will always be one strip ready for 
harvest each year (Figure 6) . 

Ill 
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Yearl. 



Year 2. 



Strip 1 
planted 



Age 



Strip 1 one year old 
Strip 2 planted 



2 
1 

0 



2 

Strips 



Year 3. Strip 1 two years old 
Strip 2 one year old 
Strip 3 planted 



Year 4. Strip 1 three years old, 

harvested arr^ regenerated 
Strip 2 two years old 
Strip 3 one year old 




3 
2 
1 
0 



Years. Strip 1 one year old 

Strip 2 three years old, 
harvested and regenerated 
Strip 3 two years old 



3 
2 
1 
0 



Year 6. Strip 1 two years old 
Strip 2 one year old 
Strip 3 three years old, 
harvested and regenerated 




Figure 6. Fuelwood harvesting schedules for sustained 
production. 
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'-Stump 

LorisHife stump These stumps will decay rapidly 

Figure 7. Stump surface configuraticKi to prolong stunp life. 



Stunps of toicaena can last for several cuttings before they 
decay and die. For longevityr the cut stump surface should be 
slanted so that rainwater will run off and reduce the chances of 
moisture-dependsnt fungi growth that causes stunp decay (Figure 
7) . If fungi growth and decay are unavoidable, new seedlings may 
take ever the place ot the decayed stunp. Meanwhile, the f'mgi, 
if edible, nay supplanent the food harvested from the forest. 

As in the case of fodder production, stianps coppice more 
effectively when they are taller. They should be cut as short as 
possible, however, so that most if not all of the original tree 
stsn is- harvested and used, and so that stunqps will not inpede 
l^arvesting c|>erations. Blights may vary from 10 on to about 1 ro. 
l-^st-high stunps ate often preferred because they allow the 
farmer to cut with icnives and axes without bending. 

Too nuch cc^icing is a problem at times since crowded 
coppices caifJete with each other for nutrioits and sunlight and 
become stunted. To counteract this, the farmer may reduce the 
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nuisber by cutting otf the rest as soon as two to three daninant 
sprouts per stunp can be identified for retention. 

FUELWXD PRCDUCnCSI FOR CCMMBRCIAL USE 

Legume trees can also be used as the basis for a consnercial 
energy farming system. Since this abroach would normally 
require a tree inonoculturer it vrould not be classified as true 
agroforestry. m some cases, however, food crops can be 
inter^anted with the tree crops in the early stages of the 
develcEmant of a forest plantation. Alternatively, the area 
under younger trees can be used for grazing animals if suitable 
ground cover is planted. 

Ccninercial.fuelwood producticxi can be a large corporate 
operation or can' be undertakai by araall farmers. Sane initial 
projects of this small-scale tree-farm type have begun in the 
Philippines and other developing countries. 

Species selection and spacing will depend on the physical 
characteristics needed in the fuelwood produced. As mentioned 
earlier, there are tradeoffs in terms of total biomass produced 
and average tree diameter when different spacing arrangements are 
used. Ute optimal solution will involve species selection, 
pacing, and harvesting schedules; each end use and location may 
eaploy a" separate solution. 

Bie main end uses for wood products from coniraercial energy 
forests are: (1) the producti<xi of chips for use as a boiler 
fuel to produce steam for industrial or institutional use; (2) 
wood-fired stean production for electric power gaieration 
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(dQidro-thermal power); (3) the production of chemicals and 
liquid transport fuels through either fermentation or 
gasification ot tree products; or (4) small-scale conmercial 
charcoal or fuelwood producticn for urban markets. Rigorous 
technxcai evaluation and econanic analysis are required for both 
large-scale and snail-scale developoients. 

Large-scale energy forests are expensive to establish^ 
harvest, and transport; they are subject to the vagaries of 
climate, attack by insects and fungi, and destruction by fire. 
In addition, there are significant aivironmental consideratiois 
that nust be evaluated. Hany of the environrosntal inpacts of 
n»noculture fuelwood forests are positive, soroe could be 
negative, and others are sidsject to debate but should not be 
overlooked. 

Economic Costs 

. The econanic costs ot establishing an energy plantati(xi are 
high. Key variables include land acquisition, tree 
establislment, maintenance (and possibly fertilization) , and 
harvesting. Initial land selection and land procurement are keys 
to econGodc success. Hany forestry schemes have been based cai 
avail^le land that has subsecpiently not proved suitable in terms 
of tree growth, harvesting systems, transport systems and 
distances, and long-term fertility. Conversely, ranch planning 
for large-scale energy forests has tak^ place on the assunptioi 
that land that appeared suitable was in fact available. 
Therefore, evaluating the availability and suitability of land is 
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a critical initial st^ before economic analysis is done and 
before decisions are made on the establishment and extait of 
energy forests. Overestimates ot yields from plantations or 
false assun?>tions on land availability can create major problems. 

Because ot the dependence on tree production as the sole or 
ma3or source ot income, an individual developing a ooranercial 
energy forest wall need to pay careful attention to aU aspects 
of ccnroercial tree production. Whereas in agrofocestry the mix 
of crops grown provides some protection in the case of failure of 
any one crop, in conmercial energy forestry the stable and 
sustainable production of forest products is required to assure 
ecQPcmic security, inevitably, such a project, whether for a 
dendro-therraal unit, for use by industry as boiler fuel, for 
large- or anall-scale charcoal production, or for the production 
.of alcohol fuels, will be subjected to close economic scrutiny. 
This appraisal should also explicitly include consideration of 
environmaital factors directly affecting tree growth. Biese 
factors include altitude, rainfall (both total rainfall and mean 
monthly) , day length, mean day temperature, wind, and the 
likelihood ot typhoons, cyclones, and other major natural 
disturbances. Other physical parameters such as soil (especially 
fertility, drainage, soil moisture, texture, and structure) and 
tcpogr^Dhy, play an inportant part in assessing the growth rate 
and usable volume of wood produced. Biotic paraneters such as 
possible insect or disease hazards or likely animal damage may 
influence choice ot species or rule out some sites altogether. 
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^ development of ccmmeccial energy forests are both • 
affected by and have an effect on the enviroisnrjit. The previous 
section mentioned some of the eivircmental factors that will 
affect the productivity of an energy forest. In tumr the forest 
itself will have an in^ct an the aiviroiraent. 

^ establishroait practices, the removal of existing cover r 
the extent and intensity of cultivation, the provision of . 
drainage systvais, the maintenance or loss of humus (through use 
of bulldozer or. grader blading or through fire) will all have an 
effect on long-term soil fertility, soil erosion, and sustained 
productivity. This is especially tru3 during the early 
establistxnent period. Harvesting, particularly the use of heavy 
machines that cut and chip, or tiirough the use of machinery for 
extraction of roundwood, can cause conipacti<n ant? disturixince 
that will lead to erosim. In the long run these negative 
effects may outweigh the beaief its of tree legumes—* rapid growth 
of bioroass and the site stabilizing} effect of tree cover. 

Bn^diasis must be placed on plcinning all aspects of energy 
forest development if the promise of short rotations of nitrogen 
fixing trees is to provide a reliable energy source. The 
proposed eiergy forest needs to be evaluated in several vays: 

o Will it cause or reduce erosion? 

o will it alter the levels of insects, animal predators, or 
fungal disease that will significantly affect humans and 
their activities? 
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o Will the tree spread outside the forest boundaries— if 
so, is this beneficial or will the species become a weed 
and create probleros for other systans of land use? 

o Will continuous harvestinci of the species leach or change 
tJte nature of the soil that will in the long term affect 
the use of t-iis laiid for successive orops of the same 
species or for other agricultural or forestry crc^s? 

o Will it affect the availability of water for other uses 
in the area or downstream, either positively or 
negatively? 

Since a coninercial energy forest is a long-term project, 
both the economic and environmental dimensions have, to be 
examined carefully to assess the short-run and long-run economic 
returns from, and sustainability of, such a system. 

TIMBER PRCDDCnON IN PGBSJeGSESJiSS 
In addition to fuelwood, tijiber is needed in inland farm 
ccninunities for purposes such as farmhouse construction, farm 
ijiplonents, and foicing. If markets exist, conanercial tiitber for 
pulpwood and electric posts also may be produced by farmers. 

The traditional sources of tinber are the natural forests. 
Where these resources are no laiger available, farmers may rely 
on forests interplanted with food crops in agroforestry farms. 

In contrast with pure forest production, agroforestry farms 
usually produce small-sized tinber. This is because (1) farmers 
generally want quick returns; and (2) they do not allow trees to 
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grew older and larger to cause too wuch shading and reduce food 
crc^ yields. Farmers ottei harvest their tinber crc^ in 4 to 10 
years, depoiding m the rate of growth and on the desired end 
product. 

In ^aces where a pulp and paper plant buys tinber from 
Gaaaall farms, pulpwood can be an inportant wood produ^^ of 
agroforestry. Several species are suitable, but one leguite tree 
that has been tried and found highly suitable, both from the 
user«-conpany's viewpoint and from what farme'fs say about its fast 
rate of growth and ease in cultivating, is Albizia falcataria . 
Cn good sites and at 4-m-by-4-m spacing, it can yield from 150 to 
!250 m3 per hectare at age 8. Being a legume, it also improves 
the soil for the benefit ot interplanted food cr<^. 

The initial spacing for Albizia may be four meters along the 
row and four meters between rows (625 trees per ha) . The species 
has a broad crown and the canopy closes quickly, but since the 
leaves are anall and sparse, sunlight can still reach the ground. 
Nevertheless, it may be necessary to diange food crops over the 
life of. the tree plantation. For instance, sun-demanding cereals 
like upland rice and com may be interplanted during the first 
two years vbai tree-crown c^ienings are still wide, thai replaced 
by more snade-tolerant root crops like taro in the second two 
years as the canopy closes. a)ie forest may be thinned at age 4 
by removing every other row so that the effective spacing may 
then be 4 m between trees in the row ani 8 m between rows. 
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Volume harvested through thinning could be about 30 to 60 m3 per 
hectare. Cereals raay again be planted after thinning durijig the 
third two years, and changed to root crops once more in the last 
two years. Pinal harvest of the forest is at age 8, with a yield 
of around 80 to 125 n>3 per hectare. 

■nie change in the food crop from cereals to root crops 
before thinning and before final harvest has one additional 
advantage: subsurface food products are better protected frcin 
damage during harvesting operations, 

B^cvgstinq Schedules 

As in the case of fuelwood production, it is desirable to 
give the fanner an opportunity to earn continuous yearly incomes 
from tiiiijer outputs. This could be achieved by dividing the faun 
into eight equal parts— or as mai^ parts as the nuniser of years 
it takes for the tiitber to reach harvestii^ age. If the farmer 
plants trees in one part each year, be will have one mature and 
harvestable pulpwood plantation each year f rem the ninth year 
onward. Because AMzia coppices and seeds well, natural 
regeneration is expected to be satisfactory, and continuous 
outputs 01 pulpwood and food can be expected from the 
agroforestry operation. 

Oie drawback of this conbination of wood-food production is 
that the trees are relatively far apart and may not be as 
effective in stabilizing the soil as the systenis that allow close 
spacing and hedgerow planting of trees (as in food-forage 
production) . This weakness may be minimized by intercropping 
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trees with food crops that require less weeding and cause less 
soil disturbance euid, therefore, less tendaicy for erosicm. 

Bie techniques for growing other tree species for other 
types ot tinber products needed cai the farm would be basically 
the Bme as in the filbizia excuiiple, edthough there might be some 
differences in spacing and length of rotatiai as inf lueiced by 
the growth rates ot the species and the end product. 
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APPENDIX 

A-FRAHE: A SIMPLE TOOL FOR ESTABLISHING CXKIOJR HEDGES 

Previous trials indicate that two spatial systesns of 
agroforestry— -Zilternate rows and alternate strips— are most 
effective in minimizing erosion and in conserving the soil on 
hillside farms, Ihe principal requirement is that the rows or 
strips ot planted trees must be across the slope or along contour 
lines in order to be effective slope stabilizers. 

One prcblero faced by farmers is how to draw the contour 
lines first so that they can establish the tree rows or hedges 
2dong those contours and make sure that all trees along each row 
are planted on the sm'i elevaticxi, as shown in Appendix Ficiure 1. 

There eure accurate instruments for leveling such as 
hand-held levels or tripod-roounted levels used in surveys by 
geodetic engineers. Hiete is also the carpenter's level. 
However, these are genereill^ unavailable to, and too corplicated 
for the farmers. What is needed is a slnple instrument that can 
be easily built and conveniently and accurately used by the 
farmers themselves. The A-frame is one such tool. Following is 
an outline of instructicxis for building and using an A-frame. 

I. How to Build an A-frame. 
1. Procure materisLLs needed: 

a. 2 poles 1 1/2 meters long; 1 poie 1 meter long (if 
available, 3 cm x 5 cm lumber may be used) . 
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Appendix Figure 1. Planting tree rofws along countours. 

(Note: ~ contour is a line that connects points at the same 
elevation on a slope.) 



b. Sufficient length of twine or string or wire (or 
nails) for fastening the poles together. 

c. A piece of rock of about 5 cm diameter to be used as 
a %feight or plunb bob. 

d. A 2-ineter string to hold the plunto bob. 
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Build the A-frame. 

a. Lay an the ground the three poles (or pieces of 
luniser) as shown in Appendix Figure 2. 

b. Tie (or nail) the poles firmly together as shewn in 
^gpendix Figure 2 to form an "A." 

c. Attach the rock firmly on one eid of the string. 

d. Tie the other end of the pluirb hcb string to the top 
of the A-frame such that whai the A is standing, the 
hanging rock or plunb bob is below the horizontal 
bar but not touching the ground. 

Prepare the Arframe for use. 

a. Hold the Arfrane erect on approximately level ground 
such that leg A is on point 1, vrtiile leg B is on 
point 2, as in i^ipendix Figure 3. 

b. Mark the point where the ^unb bob string touches or 
crosses the horizontal beu:. 

c. Reverse the position of the A-frame so that leg A is 
placed <xi point 2 \*iile leg B is on point 1. 

d. Mark also the point where the plunb bob string 
crosses the horizontal bar. 

e. Measure the distance between the first and the 
second marks aci the horizontal bar and make the 
third or middle exactly between them, as in i^pendix 
Figure 4. 

f . The A-frame is now ready for use. If it is teld 
erect such that, the .plunb bob string touches the 
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Pip^&nidix. Figure 3 



Pr^ring the A-frane for use 

1?.5 
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3rd or middle mark 



RBpendix Figure 4. Making the middle nark on tte horizontal bar 

of the Arfrane. 

middle markr the points where leg A and leg B are 
standing on a£Q of the same level or alevation. 
II. How to use the A-frane for Tracing a Contour Line on a 
Slope. 

1. Mark point 1 (vAiere you want to start the row of trees) 
on the slope. Place leg A of the A-frame on that point. 

2o By trial and error, find the prc^r locatiai of leg B 
(without moving leg A from point 1} . lltysn the plunb bob 
string coincides with the middle mark on the, horiz(»ital 
bar, mark the location ot leg B as point 2. This is on 
the same level as point 1. (Caution: When the wind is 
strong, it may push the plunb bob string from the 
vertical line and the A-frame may give wrong results. 
TO avoid errors, sheltier the pluni) bob from the wind or 
avoid using the frame on windy days.) 
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3. Transfer leg h to point 2 and use the same process as in 
st^ 2 to locate point 3. 

4. Continue the process until a series of points sure 
established on the slope. All these points have the 
sane elevation, and a line connecting these points is a 
contour. A row of trees planted al(»)g this contcxar line 
is a contour hedge. 

5. Establish the next contour line (either above or below 
the one first lo^) by following the same procedures 
above. 
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THE NEED FOR BCCNOMIC EWVLUATION 
In econcndc evaluation of a project, the potaitial beief its 
and costs are quantified, valued, and conpared. All projects 
require vzurious inputs to produce one or more products — the 
project out^ts. Tliere also are various residuals, lAiich are • 
nonproduct outputs and may be good or bad; good residuals are 
counted as benefits, while harmful or undesirable residuals are 
counted as costs. 

In an agroforestry project that will introduce fast-growing, 
iiitrogei-f ixing trees in cctrbination with corn crops in an upland 
agricultural area, for estaniple, the inputs required are comseed, 
tree see^ings, and labor in addition to nature's free inputs of 
land, sunlight, and moisture. Ohe resulting direct products (the 
project output) are food, fodder, green manure, fuelwood, and 
tiiriaer. Residuals also are gojerated, and some, such as nitrogen 
fixed in the roots and recycled to the soil as tree leaf litter 
or reduced soil erosion, are beneficial. Other residuals, such 
as increased water runoff when trees are first planted or 
aggressive colonization by the trr^e species in surrounding areas, 
may be harmful. While the introduction of trees in an upland 
systan may have positive effects on water runoff and soil erosion 
in the longer rm (positive residuals), the short-run. effects may 
be negative or neutral depending on the cultivation practices 
used and the crops involved. 

For proper economic evaluation, each of these inputs, 
outputs, and residuals must be identified and valued. For some 
parts, valuation is quite easy:' the prices of seedlings, 
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fertilizer, and l^r are easily obtained. For other parts, 
valuation is raich more difficult. How can the value of increased 
or decreased water rmof f be calculated? what is the value of 
soil lost, or saved, by changes in erosion rates? v&rious 
techniques have been developed to evaluate these phenotnena, and 
frequently indirect measurentents of values are used. 

Economic evaluation is done either before a project is begun 
(preproject or feasibility evaluation) to detexmine if the 
project is economically attractive or after a project is 
conpleted and some experience has been gained from its operation 
(postproject evaluation) to better understand the success or 
failure of the project. The techniques used in either case are 
the same. In preproject evaluation, estimated or assumed values 
are used for ii^iuts, outputs, and residuals, while in the 
postproject evaluation actual values for quantities and prices 
are used. After a preproject evaluation, the project should be 
monitored during inplementation to identify problems as well as 
to provide the required information for postproject evaluation. 

PACTDRS IN BOOWMIC EWaLUmCN 
Before an eccmanic evaluation is begun, 8ever2d factors have 
to be considered and decided ^pon. 

'Sds. Scope of Ihe Evaluation . 

Any project can be evaluated at several different levels. 
At the lowest level, the individual fam, or even an individu^LL 
field or activity unit such as corn or livestock production, is 
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used to define the project boundary. Only those inputs, outputs, 
and residuals within this narrowly defined area are included in 
the analysis. The prices used to value the various elesnents are 
those faced by the individual fanner. Htds "micro" level 
analysis will define how a project is perceived by this 
individual farmer: what are the costs and what are the beiefits 
involved f rem his or her point of view? 

Higher levels of aggregation draw more actors and more 
information into the project area and broaden the analysis. For 
exanple, a village or a river basin may be chosen as the 
appropriate level of analysis. As the analysis becanes more 
"macro," additicoal information can be incorporated, but the 
differences in viewpoint increase between the individual fanner 
and the analyst. For exairple, an agroforestry project evaluated 
at the rivsr basin level would include similar basic inputs (or 
costs) as seen by an individual farmer. The range of outputs and 
residuals might well be different, however, because benefits or 
effects that occur outside of any single farmer's field 
(externalities) are included in the analysis. An exairple of such 
an effect is reduced sedimentation in a downstream reservoir as a 
result of reduced erosion. This benefit does not go to any 
individual upland fanner but is enjoyed by society at large and 
by those who use the water and other benefits from the reservoir. 

Valuing inputs, outputs, and residuals in a macro or broader 
analysis presents another problem. Instead of local, 
village-level prices faced by an individual farmer, "social 
prices" are often anplpyed, reflecting the values of benefits and 
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costs to society. In some cases these prices differ frcm market 
prices; these so-cadled "shadow prices* are not discussed here 
but are covered in basic project evaluation textbooks (see Squire 
and van der Takr 1975) « 

Because of the differences in the ir^uts, outputs, and 
residuals measured and the prices used, the results of economic 
valuation at micro and macro levels may differ. What may be 
profitable to an individual lamet may be harmful at a larger, 
EocieteiL level and vice^versa. For this reason, any project 
evaluation phrald carefully define the scqpe of the evaluation. 
If agroforestry utplementation is ultimately to be done by 
individual farmers, it is 'essential that a micro level analysis 
be undertaken. It will show whether or not the proposed change 
is benefici2d at the farmer's level as well as at a higher, 
governnait-defined project level. 

Htu.8 is desirable not merely because it is considered good 
to have farmer participatioi. It is essential th^it individual 
fanners perceive the befits of a proposed change, because it is 
the actions of individual farmer decision makers t^iat result in 
wioer effects. For example, a government progreni to control 
erosion by terracing and ref orestatiat will only succeed if the 
individual landowners see the progrzn to be persc^ially 
profitable. Therefore, if the results of the analysis indicate 
that costs exceed expected benefits to the fanner while a broader 
social analysis indicates overall net benefits, the actual 
benefits received by farmers will have to be increased to inprove 
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the chance for fanner accsptance. Subsidies or other paymaits 
can be used to do this. 

Ai^ economic evaluation will consider a stream of beief its 
and costs over sonte period of time. The appropriate time 
horizon, or nunber of years included in the calculati(»i, has to 
be determined beforehand. For some activities, such as planting 
an annual crop like rice or corn, the entire process is less than 
a year long and therefore a nmrber of months or a year is the 
appropriate period of analysis. Because trees take several years 
to mature and then produce products over a long period of time, a 
longer time horizon is chosen. Periods from 10 to 20 years are 
ccninon and may include several tree crc^ harvests; shorter 
periods include more of the costs and not enough of the benefits 
from tree cr(^. Informatioi about costs and benefits occurring 
20 or more years in the future generally adds little to such an 
analysis. This is because of discounting, which is discussed 
more fully later. If capital equipnent is an important part of 
the project the appropriate time horizon would be long enough to 
amortize or depreciate the capital involved. 

Once the scope of the analysis (defining the project 
boundaries and what will be included and excluded in the 
analysis) is decided and the appropriate time lK>rizon (the nui±)er 
of years to include in the analysis) has beai selected, data 
collection can begin. The steps in this are straightforward and 
are similar for roost types of project evaluaticai. Decisions also 
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have to be made on how to value ii^wts, outputs, and residuals, 
v*at discount rate to use, and what econonic evaluation technique 
to use. 

Infonnation must be collected on all physical ir^juts, 
outputs, and residuals generated by the project and vAen they 
occur. These can be arranged as shown in Tables 1 and 2 in the 
exan^Jle section of this document. It is injortant that as 
detailed and conplete a record as possible is made of the various 
elements each year. 

Project benefits and positive residuals include such things 
as wood, fodder, fuel, food crops, fixed nitrogen, and soil 
erosion and sedimentation prevented. Project costs and negative 
residuals include such things as money costs for inputs, labor, 
lost annua], crop production, and land rent. 

Valuation 

All benefits and costs are thai valued using appropriate 
prices, if the analysis is at the individual fanner level, local 
market prices can be used. If the analysis is at a national 
level, either market prices or social (shadow) prices can be 
used, depending on the situation. Tvo useful referaices for 
economic valuation are Gittinger, 1982, and Squire and van der 
Tak, 1975. 

In some cases there are project benefits or costs that do 
not have market prices. These boiefits and costs can occur 
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onsite and offsite and include such things as changed rates of 
erosioi or sedimaitation, improved soil structure, or changed 
hydrologic conditi(»is. Valuation techniques used to put prices 
on these and other b^e£its or costs are discussed in Hufschnddt 
et al., forthccning. 

Discount Rates 

Tb compare costs and benefits that occur at different tiroes, 
discount rates are used to calculate the present value of these 
future dollar anounts. Discount rates are based on the theory 
that the value of a dollar *s worth c£ baiefits, or costs, today 
is greater than the same amount of benefits, or costs, next year 
or ai^ tine in the future. Choosing the proper disccxmt rate is 
often a problem, however. Govemmaits and banks currently use a 
discount rate of between 10 to 15 percent^ vdiich is thought to 
reflect the scarcity value of capital. Conservationists, on the 
other hand, often use a very low or even negative inplicit 
discount rate when valuing environnental goods, in the belief 
that the sceurcit^, and value, of environn^tal goods will 
increase relatively over time. 

The higher the discount rate, the more present costs and 
benefits are valued and the less potaitial future costs and 
benefits are worth. Poorer fanners frequently have a very high 
. discount rate, reflecting their own oftei marginal existence and 
urgent need for present consunption. Inplicit discount rates of 
20, 30, or even 50 percent have been nseasured reflecting an 
extremely high preferaice for present consunption. Exceptions to 
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this pattern exist, of course, as seai by the planting of teak by 
Javaiese farmers when it will only be harvested by their 
great-grandchildren . 

The problem with this spread in discount rates is obvious. 
A prqposed project that appears very attractive when the stream 
of benefits and costs are discounted back to the present at 2 or 
5 perc^t per annum becon^s only marginal at 10 to 15 percent 
discount rates and unattractive at higher discount rates. There 
is no goieral answer to the question of vdiat is the correct 
discount rate. The fact that differences exist, however, 
explains why a project may be via^ed as economically profitable 
by a governms>t planner, using a 15 perc^t discount rate, and as 
very unattractive by a farmer, using a 30 percent discount rate. 
Most countries have -some discount rate that is custcroarily used 
by govemmoit planners, ^s rate can be eiployed in an econciaic 
analysis, but a second analysis using a diffe:rent and usually 
higher discount rate reflecting a farmer's perspective should be 
done also. This sensitivity analysis will indicate how sensitive 
the net benefits of the project are to different discount rates. 
Potential conflicts between hew profitable ' yrcposed project is 
seen by individuals or society are ther^ highlighted. 

The basic formula for discounting is as follows: 

(l+i)" 

where: Vq « value of benefit (or cost) in year 0 (the present) 
\ » the money value of the benefit (or cost) occurring 
in year n - 
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i « the discount rate, expressed as a decimal 
(10 percait = 0.10) 
(1+i)" » the ©cpressian (1+i) raised to the power n 
For example, if the discount rate (i) is 10 perceit, the 
values for (l+i)'* for year 1 to 5 are as follows: 



Present Value of 
Year (n) Value of (1+i)'^ $100 Received in Year n 



0 (present) (140.1)0 = i.o 100 » ?100.00 

(1.0) 



1 (140.1)1 « 1.1 100 » 90.91 

(1.1) 

2 (140.1)2 = 1.21 100 « 82.64 

(1.21) 

3 (140.1)3 = 1.33 100 s 75.19 

(1.33) 

4 (1+0.1)4 « 1.46 100 s 68.49 

(1.46) 

5 (140.1)5 « 1.61 100 = 62.11 

(1.61) 



Since the values for (14-i)n appear in the daiominator, the 

larger the value of this factor, the smaller the present value of 

sonte future benefit or cost. In practice, the analyst can use 

already calculated tables of "discount factors" to determine 

present values. In the discount table above, the discount factor 

1 

with a 10 perceit discount rate for year 3 is 133 or 0.752 and, 
1 

for year 5, 1761 or 0.621. Whei this discount factor is 
multiplied by the cost or beiefit received in any given year, it 
gives the present value of that cost or benefit with the assumed 
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discount rate. That is, the discount factor is determined by the 
year, n, and the discount rate, i. 

The present value of $100, receivable in future years at 
differait discount rates, is: 



Disc(^t Rate (%} 

Time (j^s) 2 5 8 10 15 

0 (present) $100.00 $100.00 $100.00 $100.00 $100.00 

10 82.03 61.39 46.32 38.50 24.72 

20 67.30 37.68 21.45 14.92 6.11 

30 55.21 23.14 9.94 5.73 1.51 

50 37.15 8.72 2.13 0.85 0.09 



Obviously, benefits or cost@ occurring 20 or 30 years in the 
future have low present values, especially when discount rates 
larger than 10 or 15 perc^t are used. 

EOGNOHIC EVALUAXION TECBNIQUES 
Many dif f er^t techniques have been developed to evaluate 
the discounted streams of benefits and costs. Sane of these 
techniques are explained in texts listed in the refermce 
secticxi. 

Ccnmcxily used approaches include the Met Present Value 
(NFV) , the Benefit-Cost Ratio (B/C Ratio) , and the Internal Rate 
of Return (IRR) . All of these use discounted streams of benefits 
and costs. The Itet Present Value (MPV) is the basic econoniic 
value to be measured. 'Cbe KPV determines the present day value 
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of ngfe benefits (gross benefits minus costs) of a given project 
with a predetermined discount rate and time horizon: 



NPV = r •* 
j=l (l+i)j 

where Bj « benefits in year j 
C j « costs in year j 

i «= discount rate (expressed as a decimal) 
n « number of years (the time horizon) . 
If there are no capital or other constraints, one would 
undertake all projects with an NP7 0; 'Aese projects would 
yield to^^ benefits with a present value greater than the 
present value of total costs. When there are 
constraints— capital, management skills, or land, for 
exairple— other analytic techniques enplcying ratios can be used 
to rank alternative projects although the objective is always to 
inaxi>.iize net present value subject to the constraints. In 
general, the constraining variable is placed in the dencminator 
and a ratio is constructed of benefits and this constraining 
variable, in practice, costs are frequently considered as the 
constraint and a Benefit-Cost Ratio aiproach is used.' In this 
case costs are placed in the denominator of the ratio: 



n Ba 
I — =-r 
j=l (l+i)3 
B/C Ratio = -— 

Z — 



j=l (l+i)3 ^ ^ 
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where Bj « benefits in year j 
C j « costs in year j 

i » discount rate (expressed as a decimal) 
n » number of years (the time horizon) . 
liie B/C Ratio is closely related to the NPV calculation and 
is an alternative way of providing infonoation for decision 
making when there is a constraint on costs. The B/C Ratio does 
not provide information on the amount of total net benefits; it 
merely calculates the ratio of discounted benefits to discounted 
costs. 

^ ratio can be greater, equal to, or less than one 
(unity) . If the B/C Ratio equals 1.0, the present value of all 
measured costs is just equal to the presen t value of all measured 
benefits. 'Snete is no "profit." If the B/C Ratio is greater 
than 1.0, the present value of beiefits is larger than the 
present value of costs, and the project is econcmically 
"profitable" at the chosen discount rate, i. The reverse is true 
if the B/C Ratio is less than 1.0. 

Tlie sign of the NPV and the size of the B/C ratio are 
related since they are similar approaches. If an NEV is 
negative ,, this is the same as a B/C Ratio of less than 1.0; a 
zero NPV is equal to a B/C Ratio of 1.0; and a positive NPV is 
equal to a B/C Ratio of more than 1.0. 

A third approach, the Internal Rate of Return, is similar to 
the NPV calculati(»i, but instead of setting a discount rate, i, 
it sets NPV « 0 and solves for i. OSiat is, it gives the discount 
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rate that will set the NEV equal to 0 or define a B/C Ratio of 
1.0, Cnce this discount rate, i, the IRR, is calculated, it can 
be carpared to current interest rates or the social cost of 
moiey. For example, if the IRR of a project is 22 percent but 
the cost of money is 15 perceit, the project is economically 
attractive since it would take an interest (discount) rate of 22 
percent to make the present value of beief its equal to the 
present value of costs. Since the cost of capital is only 15 
percQit, the extra 7 percait (22 minus 15 perc^t) is a measure 
of profitability. 

All of these approaches sxe connonly used in project 
evaluation, but the NFV and B/C Ratio can be more easily 
calculated by hand and therefore may be more useful in the field. 
If several projects are under corisideration and funds are not 
sufficiait to undertake all of Uie projects, the various 
alternatives can be evaluated and their B/C Ratios ranked as an 
aid to budget allocatiOT. Of course, this approach depends 
heavily <xi the discount rate chosen. As discussed previously, 
sometimes the same project is evaluated at several discount rates 
(sensitivity analysis) to see how nuch this changes the results 
and the ranking among edternative projects. 

A SIMPLIFIED EXAMPLE 
In this example, an upland farm of 2 hectares has 
traditionally been planted in corn twice a yeeu:. Being 
introduced is an agroforestry project with alley cr<^ing of 
Leucaena with corn; that is, alternate strips are planted to corn 
and to Leucaena . a fast growing, nitrogen-fixing tree (Figure 1) . 

J..^.^^- ^ . -_ . , ^ , , 
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Bcisting corn-iionoculture system: 

>i f^'K X X X X "K K 

X X >C >c X >c 

dcwnhill XXKX. Xw>t )C X.JCX 
XX.X. 5<.XX.X XXX 



Top View Side View 



Proposed agro-forestry q?stan: 
^ X X ^ ^ 

XXX XXXX">CXX 
uphill ^?^>CXX'»CX^>^ 

sio^t OOOOOG 

downhill XXXX X 

xxxxxxxx 



Ibp View Side View 



Figure 1. Existing and proposed agricultural systeros. 
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Before the trees were introduced, no fertilizer vras used on 
the iqpland corn and yields were 1 ton per hectare. It is assumed 
that under the old system corn yields renain unchanged, although 
in practice they will decrease over time if leached soil 
nutrients or etodedi soil are not replaced. When the Lwwffla 
trees are planted, a part of the corn crop is replaced with trees 
and sane corn production is lost. The trees replace 20 percent 
of the corn ctq^, with 2,000 seedlings per hectare under the new 
alley cropping system (a seeding rate of 10,000 tree seedlings 
per hectare, pure stand) . One hectare of land that was formerly 
entirely planted in com now contains 0.8 ha of com and 0.2 ha 
of Leucaena. 

The corn cr<^ requires 6 workerdays (V©) per hectare to 
plant each crop and harvesting requires another 6 V© per hectare 
per crc^. No material ii^uts are used for the corn crop other 
than seeds at a rate of 20 kg per hectare. 

The tree crqp project requires land preparation at a rate of 
5 WD per hectare. This occurs only once, in year 1. Planting 
the Leucaena trees on 20 percait of the land requires another 5 
WD per hectare. It is assumed that the various tools required 
for corn or tree productitxi are already available to the farmer, 
and their costs are not included n the analysis. Furthermore, 
it is assumed that the farmer owns the land and therefore no rent 
is paid or included; if the land were rented, this would be an 
additicxial cost^of production to the feumer. 

Various products are produced under the new agroforestry 
system. Corn yields increase to a rate of 1.5 tons per hectare 

J47 
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(or 1.2 tons per mixed agcoforestcy hectarer 0.9 X l.b 1.2) 
because of the nitrogen-rich leaf litter from Leucaena . and the 
ijiproved soil characteristics after the trees are established. 
Hie ^caena trees are harvested every three years (years 3, 6, 
9, etc.) and, at those times, fodder is also collected. Wood 
yields are 30 and fodder yields are 1 ton (dry matter) per 
agroforestry hectare planted with 80 perceit corn and 20 percent 
trees. Harvesting the trees and fodder collection require 10 WD 
per agroforestry hectare at the stated tree density. 

The economic analysis will therefore centre the two 
2dternatives: pure corn crc^ing (the without-project case) and 
the new agroforestry system integrating tree cropping with corn 
(the with-project case) . A Net Present Value calculation will 
allow a comparison of these two alternatives. An NPV analysis on 
the prqposed nsw system al<me will show if it is profitable by 
itself (NPV > 0) , but it will not demonstrate that it is 
necessarily better than the existing system. However, an NPV 
analysis of the alternatives will measure for the farmer the net 
returns of the two systems and will clarify the choice faced by 
the fanner as to whether or not to adqot the new system. 

For sijiplicity, a 12-year time horizon is selected and the 

various ir^wts, outputs, and residuals are identified. Monetary 

values are assigned to these Vcuriables; 

Labor OS$3.00 per workerday (WD) 

Corn seeds 0.60 per kg 

Corn crop 150.00 per ton 

Leucaena seedlings 0.05 per seedling 

wood 10.00 per m:^ 

Fodder 70.00 per ton 

Discount rate 10 perceit (0.10) 
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Table 1. Yearly Inputs and Outputs Pc^r Hectare (2 Crops) for 
Corn Cropping 



Activity f Inputs, 
and Outputs 
(pec corn crop) 


1 


2 


3 


Year 

4 •••• 


1 1 
1/ 


Planting (6 WD) 


12 


12 


12 


12 .... 


12 


Harvesting (6 WD) 


12 


12 


12 


12 .... 


12 


Seed Bate (20 kg) 


40 


40 


40 


40 .... 


40 


Yield (1 ton) 


2 


2 


2 


2 .... 


2 



Hhe analysis will compare the with and without 
situations—tbe prqposed agroforestry system and the existing 
corn monoculture. Ulae without case is the preproject situation 
and can be evaluated easily. First, the physical characteristics 
are described. Com is planted twice a year and the inputs and 
outputs associated with each com crop are known (Table 1) . 
Each activity input or output has a cost associated with it and, 
when the quantity is multiplied by the cost, the dollar value of 
the input or output per hectare per year is obtained. 

OSie preproject situation can thus be easily valued; the 
yearly costs and benefits per hectare are as follows: 



Costs Planting 12 M3 x US5 3.00 » US$ 36.00 
Harvesting 12 IS) x 3.00 «= 36.00 

Seed 40 kg x 0.60 « ^4.00 

US$ 96.00 

Benefits Corn Crop 2 ton x US$150.00 «= US$300.00 

i49 
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Hie NFV is calculated eis defined before: 



300 - 96 „^ 204 
Z r or L 



j=l (1+.10)3 j=l (1.1)3 

This value is calculated for each year 1, 2t ••• 12 and 
these discounted present values are addec 



« DS$ 185.45 

(1.1)1 

-204 . 158.60 
(1.1)2 
204 
(1.1)2 



153.27 



204 
(1.1)^ 



95.17 



12 



■ - 65.00 

(1.1)12 



Sum of Years 1 to 12 US$1,370.00 
The Net Present Value of the existing system, measured over 
12 years and using a 10 percent discount rate is therefore 
calculated to be OS$1,370.00 per hectare. 
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Table 2. Yearly Inputs and Outputs Per Hectare (2 Com Crops Per Ha) in 
an Agrof orestvry System 

Activity, Ir^xits, Year 

and Outputs 1 2 3 4 5 6 7 ... 12 



Corn Productic»i 

Planting corn (WD) 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 

Harvesting corn CHD) 9.6 9.6 9.6 9.6 9.6 9.6 9.6 9.6 

Seed (kg) 32 32 32 32 32 32 32 32 

corn yield (tons) 1.6 2.4 2.4 2.4 2.4 2.4 2.4 2.4 

Tree Production 

Land preparaticai (VD) 5 - -- -- -- 

Planting trees (WD) 5 - -- -- -- 

Harvesting trees (MD) - - 10 - - 10 - 10 

Seedlings 2000 ------- 

Wbod yield (ih3) - - 30 - - 30 - 30 

Fodder (tons) --1 - -1 -1 



The new, prqposed agroforestry system is more ccrplicated. Biere 
are tsdded costs for seedlings, tree planting, and wood harvesting, but 
there are also added benefits from increased corn yields and wood and 
fodder production. Again, a table defines the physical inputs and 
outputs of the system over the planning horizon (Table 2) . 

The approach is the same as in the corn creeping example. For 
each year, 1 to 12, the physical quantities are multiplied by the unit 
pr-.ces and costs and benefits are added together, in this example, 
all items listed are costs (have a negative sign) except for corn 
yields, wood, and fodder. In. the table, corn and tree production have 
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he&i separated to show the two sets of sfJtivities, but in the 
analysis they are ccrbined. It should be noted that the corn 
figures are different from the first exainple when cai^ared on a 
per hectare basis. OSie agroforestry system requires that 20 
perceit of each hectare be planted in trees and therefore only 80 
percent of each hectare is in corn. "Rius labor required for 
planting (or hawesting) per year is: 6 workerdays per crpt' per 
hectare x 0.8 hectare x 2 crc^ » 9.6 WD. 

Usiiig the prices given earlier, the dollar values for the 
pl^ical ii^ts, outputs, and residi^s of the agroforestry 
system are as follows: 



Table 3. Yearly Boiefits and Costs of Agroforestry System 



US$ Per Year (per bsctare) 
2 3 4 S 6 7 



12 



Benefits 
Corn yield 
Nood yield 
Fodder 
!K>tal 

Costs 



240 360 360 360 
- 300 - 



360 360 360 .. 
- . 300 - .. 



240 360 730 360 360 730 360 



Corn planting 

and harvesting 57.6 57.6 57.6 57.6 57.6 57.6 57.6 



Corn seed 



19.2 19.2 19.2 19.2 19.2 19.2 19.2 



Land prepara- 
tiai for trees 15 



Tree planting 15 ------ 

Seedlings 100 ------ 

Tree harvesting =_ n. _2Q — — =- — =- -2fi — — =- 

Total 206.8 76.8 106.8 76.8 76.8 106.8 76.8 



360 
300 

JISL 
730 



57.6 
19.2 



.30 

106.8 
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Ihe values for benefits and costs for years 2, 4, 5, 7, 8, 
lOr and 11 are the same and the values for years 3, 6, 9, and 12 
(years of forest harvest) are also the same. The net benefit for 
each year (benefit minus cost) is calculated and then the 12 
figures are discounted as in the preceding exaisple. In this case 
the figures are as follows: 

Net Benefit (DS$) Present Value (0S$) 



Year (Bj-Cj) Discounted at 10% 

1 33.2 30.18 

2 283.2 234.05 

3 623.2 468.22 

4 283.2 193.43 

5 283.2 175.84 

6 623.2 351.78 

7 283.2 145.33 

8 283.2 132.11 

9 623.2 264.30 

10 283.2 109.19 

11 283.2 99.26 

12 623.2 198«57 



Sum of Years 1 to 12 $2,402.26 

The Net Present Value of the new, proposed agroforestry 
system is USS2,402.26 per hectare or almost twice as large as 
NPV of the corn cropping monoculture system. The new change 
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would appear to be economically attractive and, if the numbers 
are correct, appealing to the individual fanner. 

An analysis such as this can be further refined. More 
information can be obtained on the E^ysical quantities involved 
and more care paid to prices. Will yields really be as 
anticipated? will prices be higher or lower in the future? Is 
10 percent the proper discount rate to use or should a higher 
rate be used? There may be considerable uncertainty about 
estimated yields, costs, and returns. Sensitivity analysis can 
be carried out by varying the values for certain parameters that 
are likely to be somewhat uncertain. This sensitivity analysis 
will indicate hew sensitive a result is to changes in expected 
outcomes. 

!Rus example is a sinplified abstraction from reality. In 
practice, the analyst will need to spend time in the field in 
order to understand the systems being cai^ared, what the actual 
ii^ts, outputs, and residuals are, and what the farmer's 
perspective is. An understanding of the farmer's view of a 
proposed ;3y5tem and his or her reservations or uncertainties are 
crucial for conducting a realistic, and sensitive, analysis. 

A more iirportant guesti(» might be why is the pressed 
systan not already adopted if the beief its are so obvious? The 
answer may be lack of knowledge on the part of the farmers; the 
answer may also be errors on the part of the analyst. Some costs 
may not have been included and some benefits may have been 
overstated. Anything new that appears too good to be true often 
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is just that— too good to be true. Caution and careful counting 
of E*ysical flows and the ijiplicit prices are always crucial, 

BEOCMMENDED BEFEBBXSS 
Gittinger, J. Price, 1982. figonomic analysis of ^ricultural 

PCQjggtSf Second Edition. Baltimore, Md.: Johns Hopkins 

University Press for the World Bank. 
Bufschmidt, H.M., D.A. Janes, A.M. Meister, B.T. Bower, and J.A. 

Dixon, forthconing. Environment. Natural Systems and 

De vglQprent; An Economic valuation Qiide. Baltimore, Md.: 

Johns Hopkins University Pre£5S. 
Roaner, M,, and J.J. Stem, 1975. The Appraisal of Dfevaloanent 

£C2jsSt&. New York: Praeger Special Studies. 
Sinden, J.A., and A.C. Wbrrell, 1979. iteifiSSi MlfiSL 

Pggi?iong Without Market 2liS^, New York: John Wiley and 

Sons. 

Squire, L., and H. van der Tak, 1975. Economic Analysis of 
Projects. Baltimore, Hd.: Johns Bopkins' University Press 
for the World Bank. 



^^5 



APPENDIX E 



BNh' IWhwIoj'v for Tropical Agriculture 



4n 



Graham/ P. H. and S. C. Harris, Eds. 

CIAT, AA 67-13, Cali, Colombia 768 pp. 1982 



NITROGEN-FIXING TREE RESOURCES: POTENTIALS AND 
LIMITATIONS 



J.L. Brewbaker, R. Van Den Beldt and K. MacDicken' 



Summary 

Niirogcn (NS) fixing iicl's arc discussed with special attention to 
their use as luclwood. loia^c or ttrccn inaiiiiic in the tropics. Severe 
defoicsiuiion is \ic\\cd as leading to a "balding of the tropics" that 
could jcopardi/c the genetic res'ourees of many legume trees. 
liK'K-asing liiel and leitili/er costs mandate the planting and 
husbandry ol tropical luclwood and green manure tree crops. High 
population densities gi\ ing maximal annual biumass yields, ttnd the 
use ol trees with little concein about eimroroMty or beauty, will 
provide attractive targets Tor breeder and /or agronomist/silvi- 
ciiliiiri.si. 

Ni-llxing genera with .special value as I'uelwoods. forages, green 
manures or nurse trees, ornamentals, and as timber are listed. 
C'liarnctcristics are giien lor IS last-growing NS-fixing trees in 
curieiit Uniiersity ol Mawaii network trials. 

THE BALDING OF THE TROPICS 

It is traditional for man to plant and grow his food, but not to grow tiie 
wood with which to cook it. In the world of 1900 AD. the hunting and 
collection of fuclwood Irom native forests presented little challenge. There 
were only 1.6 billion people in the world, and approximately seven billion ha 
of forests. In the world of 2U00 AD. however, the challenge of fttiding 
fuclwood will be awesome (Food and Agriculture Organization (FAG), 
I98U). A world population of 6.4 billion is predicted for 2000 AD, with only 
3.0 billion ha of remnant forests (down from 4.8 billion in 19S0). 

The "people vs. lre;;.s" problem is greatly exacerbated in the tropics, where 
most countries have doubled their human populations in only the past three 
decades, while cutting their forest lands by half. Forest depletion figures for 
developing countries arc startling (see Table I). Forest areas with closed 

■ l)c|il i>l lliiiliciiliuir I iiiivisui III ll.iw.iii. Iliinnliil.i. Hawaii. %S22 OSA. 
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TABLE 1: World forest resources as totals of closed forest area 
and stock growing (adapted fror* Barney, 1978). 



Region 




Total closed forest area 




(10* ha) 




1978 


2000' 


Tropics 






• Latin Aiperica 


640 


380 


Africa 


230 


180 


Asia/Paciflc 


400 


200 


Total 


1270 


760 


Temperate^ 


1620 


I6I0 



By comparison, total world forests in 1950 exceeded 5000 million ha. 
North America. Buiope, USSR, Japan, Australia. New Zealand. 



canopy (including growing stock) that totaled 1,270 million ha in 1978 arc 
predicted to drop to 760 million ha by the end of this century (Barney, 1978). 
The ramifications of this loss arc staggering, but include possible effects on 
atmo.<;pheric carbon dioxide and world climate (Wood well, 1978). In 
contra.st, only a slight loss is anticipated from the 1,620 million ha of closed 
forests in developed countries. This may be recalled as the century when 
Planet Earth grew a giant bald ring around its equator. 1 he planting and 
husbandry of fuelwood in the tropics is clearly mandated for the future. 

It has also been traditional for man in the tropics either to allow nature to 
repair the soil losses to agriculture by the fallowing of land for 1 5-20 years, or 
to use inorganic rertili7er. The slash and burn tradition can no longer continue 
into the 21j;t century, as the forest depletion and man's population pressure 
simply obviate it. Neither can inorganic fertilizers be an economic option 
except for the limited, wealthy fraction of farmers. Thus, the planting and 
liu!;bandr>' of green manure crop.s also becomes a mandate for the future. 

The majority of tropical legumes are woody perennials, many of which are 
both energy producing and nitrogen (Ni) fixing. It may be asserted that the 
heahh of many tropical forests relies initially on leguminous trees for N; 
fixation. Wild populations of native or aggressive introduced leguminous 
trees are increasingly valued as fuelwoods (National Academy of Science 
(NAS), 1980) and to a lesser extent as green manure trees (NAS. 1979), 
Notable among these are the mimosoids. a subfamily of legumes that includes 
about 2800 species, predominantly tropical trees and shrubs. 
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Maximization of bioinass/ha per year must be the immediate target lor 
both fuelwood and fcrtih/cr production by trees. Reduced to essentials the 
number of carbon and N atoms fixed annually per unit area becomes the goal 
with little consideration ol trce form orappearance. It is a taigct more familiar 
to agronomists than to foresters, and one that gives the plant breeder free rein. 

It IS safe to predict that fiicluood and fertilizer tree production will be 
dominated within a lew decades by trees that are agriculturally versatile and 
easily bred and managed. The future improvement of these legumes could, 
however, be limited by the availability of appropriate germplasm. With the 
accelerating lo.ss of virgin tropical forests, these native resources are 
dwindling and are often endangered. 



GENETIC RESOURCES FOR Nj-FIXING TREES 

The Nitrogen- Fixing Tree Association (NFFA), a new international 
organization that aims to encourage research and communication on 
leguminous trees. wa.s incorporatedin Hawaii in 1981. A primary thrust of the 
NFFA IS to help identify genetic resources and stimulate their careful 
preservation and expansion. Our present impression is that the genetic 
resources of Nj-llxing trees are in a tragic state. There are no maior 
international repositories of legume tree gcrmplasm. whether as seed, or in 
arboreta, and very few tree species have been the subject of botanical 
expeditions for gcrmplasm collection. Additionally many of the genera of N, - 
fixing trees arc taxonomically confused, from unknown centers of origin, or 
from areas that arc rapidly becoming treeless. Seeds available for distribution 
are often of unknown origin. Genetically distinct varieties are available for 
only a lew .species, and these are predominantly ornamentals. 

The opportunities for exploitation of the genetic diversity in legume trees 
can be illu.strated from siudics with Leucacna Icucocep/tala (known also as 
ipil-ipil. huaxin. guajc. Icadtrcc. lamtoro. koa haole, ^r kubabul). These have 
been reviewed by Brcwbakcr& Hutton (1979) and other authors (NAS, 1977; 
Brcwbaker. I9«0). I he arboreal Icucaenas did not become naturally 
dispersed through the tropics, but only a shrub known as the "common-type" 
or "Hawaiian-type" Ixwaem. Though our collection of this heavily 
flowering shrub includes more than 500 accessions from numerous countries 
in the tropics, there is little genetic variability. We surmise that all originated 
from a narrow gene base. The species was dispensed from its native Mexico 
mainly through Spiinish galleons departing from Acapiiico and Ma/atlan. In 
this region a highly llowcriiig shrub is the only representative of the species, 
and it is cicaily this one .sclf-polliiiatcd variety that circled the world. 

The tree form and other genetic variants of Leucaena occur in southern 
Mexico :iiui in Central America, a center of diversity for this tetraploid .species 
(which is an evident hybrid of tw o other species) . The arboreal types were lirst 
considered a distinct .species by botanists: then came to be known as the 
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"Salvador type." This type first came to Hawaii from Central American seed 
collectors in the 1930's, and was then widely dispersed in the i960'sasa result 
of research in Hawaii and in Australia (Brewbaker, 1975). As a source of 
fuelwood, the Salvador type exceeds the common type by over 100% in wood 
yield; yet differs by very few genes. 

It is virtually certain that genetic gains similar to those in Leucaeiia nwixh 
the first plant explorers for species grown solely as C or Ni fixers. .Since 
many of these species arc outcrossing, unlike Leucaena. the identification of 
genetic superiority will require more care in seed production. However, s'lch 
species may well afford greater genetic gains —as occurred in poplar and 
pine— through exploitation of hybrid vigor in controlled crosses or from seed 
orchard .synthetics. 

The hazards of endangcrmcnt of species are evident in Uucaena. 'Iho 
center of origin of the SaKador type appears to be in the Morazan provinccof 
southern Salvador, a region now virtually treeless. Salvador-type leucaenas 
are now to be found only in the city squares and in backyards, a poor genetic 
sample of what cxi.stcd as little as 50 years ago. Leguminous trees are olten 
' selectively browsed by feral animals and are, thus, more apt to extinction than 
many others. Following fire, however, they often regrow with ferocity from 
the fire-scarified seeds that have long lain dormant in the soil. 

IMPORTANT GENERA OF Nj-FIXING TREES 

The 18.000 species o! legumes (Family: Lcgumino.sac) include the vast 
majority of important N2-nxinB trees and shrubs, many of which are in the 
predominantly woody subfamilies Mimosoidcae (2800 spp.) and 
Caesalpinioideac (2800 spp.). Relatively few of the 12.000 species ol 
Papilionoideae arc arboreal, but some of these, are of great economic 
importance. A high proportion of the tested mimosoids (92%) are able to lix 
N2, contra.sted with (he papilionoids (94%) and the caesalpinioids (34%). A 
few nonlegiiminou.s tree genera also fix N^, notably the temperate genus 
AInus and the tropical Casuarina (Stewart. 1967; see p. 427). 

Leguminous trees produce some of the outstanding luxury timber of the 
tropics (NAS, 1979). Notable among these are the papilionaceous genera 
Dalbergia (rosewood). J'crocopxis (African teak), Pierocarpus (narra). and 
the cacsalpinioid gcmis Iiii.siii (ipii, Moluccan ironwood). Other important 
timbers include the mimosoids Acacia, Lyiiloma, /'arkia, and Sutmnea. 
Prcfcncd timber species often exceed 30 m in height and a'-e of slow-io- 
intermediatc growth rates. With their high intrinsic vahie. sucii trees might 
wisely be interptantcd at wide .spacing (e.g.. 100/ ha) in plantations of lust- 
growing legume::, as a long-term investment. 

The legume trees best known as ornamentals, offering striking displays of 
color when in flower, are predominantly in the Caesalpinioideac, many of 
which do not fix N2. The ornamental legumes include: 
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Cacsaipinioidciic: Amhvrstut, Barklya, llaulimia, lirowiwa, 
Ou'Mili'tnia, Cti-wia, ColvUlea, Deloiiix, Pettophorum, Saraca, 
and Srholiii. 

Mimosoidcac: Calliumlru, Samanea. 

Papilionoidcac: liuicu. Erythrina, Sabinea, Sophora. 

Several tree legumes pro\ide valuable gums (Acacia spp.) and the pods of 
several species arc excellent huntan foods, including: 

Caesalpinioideae: OTa/rw;;Vi (carob). Tainarindus (tamarind). 
Mimosoidcac: //ijjrt. I'arkia. 

Ihe i'ollowing di.sciissions will focus on legume trees with special 
significance as souiccs ol energy or trecn manure. As a generalization, most 
fast-groN\ing legume trees arc mimosoids. Genera to be considered in the 
discussions of energy and green manure are listed below, together with their 
approximate number of speeic!>: 

Cacsalpinioidcac: Acrocarpus (.^). Cassia (600). Schizolohium (5). 
Mimosoidcac: Acacut (600). Alhizia (100). Calliamlra (100). 
Dcsmaiuhm (40). l\i\U>rohhium (8). //j/?fl(200). l.eucaena(\Q), 
l.\.\ihim (.^.*5). Aliimna (450), Parkia (40). Pithecellobium 
(200). Proutpis (AA), Samanea (I), 
i'apilionoideac Dalhergia (250), Eryiltriita (100). l-lmin^ia (Yji. 
(ilnicnlia ( 10). 

WOOD AND FUELWOOD 

World production ol wood in 1975 exceeded 2.5 billion mMWorld Bank. 
1978). Less than a ccntuiy ago, wood was the major energy source lor all 
countries in the woi Id. 1 oday, only 45' o of the wood harvested is for fuel, and 
this is almost entiiely in the tropics. Industrial uses of wood (fiO<^'( in 
construction. 259f loi pulp. IVc for other uses) have increased far more 
rapidly than total woild commodity trade. These uses govern the ba.se price of 
wood and ducctly inllucnce both the availability and cost of fuelwood in ilie 
tropics. Dcm.ind lot indii.stri.il wood has been increasing at about a doubling 
rate every 2.'i ycai.s. Ocmaiuls lor fuelwood arc also increasing and will soon 
exceed capacity in icgions such as Asia, which has less than 0.18 ha of loicst 
per person at present (Revcllc. 1980). 

Irce legume .species considered of special significance for fuelwood are 
summaii/ed in Tabic 2. Species w ith unusual adaptability to the arid tropics 
are distinguished. Although ni.my of these specicsappcar to be slow in growth 
in their native habitats, tlicy are often fast growing under experimental 
conditions, notably with adcipiatc water. Species of Acacia and liiga provide 
fuelwoods for tiopical highlands, while temperate fiiclwoods would also 
include species ol (Jlediiwhia and iiohinia. 
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TABLG 2: Tropical tree legumes of special significance as fuelwood (adapted 
from NAS, 1980). 



Genus 


Species adapted to: 


Humid tropics 


Arid tropics 


Acacia 


auriculiformis, ineariisii' 


.brachystigia, cambagei. 






Cyclops, nilotica, saligna. 






Senegal, seyal, tortHis 


Albizia 




lebbek 


Calliandra 


calothyrsus 




Cassia 




siainea 


Derris 


indica 




Cliricidia 


sepiuin 




Jnga 


vera' 




Leucaena 


leucocephala 




Mimosa 


scabrella 




IHtheccUobium 




dulce 


Prosopis 




alba, chilensis, cineraria, 






juliflora^, pallida, tamanigo 


Sesbania 


grandiflora 





^liit;hland-ad3ptfd species. 
Widely considered an undesirable, thorny pest. 



Dcndrothcrm<il power plants can bedesigncd to use chips (conventionally) 
or roundwood. Choice ol fuelwood stock is influenced primarily by heat 
production (combustion value), and by ease of sawing, chipping, and 
transportation. Combustion values and wood densities are summarized in 
Table 7t for the .species included in the University of Hawaii studies. 
Combustion values (given for hone-dry wood) reflect wood chemistry; not 
density, and vary little lor the species listed. These values decrease linearly as 
wood moisture increases (most luehvoods contain about 50% moisture at 
harvest). SpcciCic gravity of species like the fast-growing Albizia JaUatana 
are too low to make commercial fuelwood, due to bulk density problems of 
transportation and handling for liie boiler. On the other hand, some species 
arc so dense (e.g.. arid-zone Acacia and Prosopis spp.) thai ihey present 
problems in sawing imd chipping. An economic feasibility analysis in Hawaii 
(Brewbaker, 1980) concluded that giant leucaenas could be grown and 



TABLE 3. Giaracteiistics of N'^ -fixing ttees in Univitrsity of Hawau tntemational network inaJs (ScaJe. 1, Good - 3, Poor j. 



Characteristics Genus and species 



,i2 

p a a.acS -a _ 



UtiUty for: 



Forage 


3 


3 


2 


3 


2 


1 


2 


3 


2 


2 


1 


1 


1 


3 


1 


2 


3 


1 


Fuelwood 


1 


2 


1 




3 


1 


1 


1 


I 


2 


1 


1 


1 


1 


1 


3 


3 


1 


Roundwood 


3 


2 


1 




3 


1 


3 


1 


2 


3 


1 


1 


1 




3 


3 




1 


Lumber 


3 


1 




1 


2 


2 


3 


3 


1 


I 


3 


3 


3 


2 


2 


1 


3 


3 


Pulpwood 


1 


1 


1 




1 




3 


2 


2 


1 


3 




1 


1 


3 


2 


2 


2 


Green manure 


3 


3 


2 


3 


2 


1 


1 


3 


2 


3 


1 


1 


1 


1 


2 


3 


3 


1 


Craftwood 


3 


2 




2 


3 


1 


3 


3 


1 


1 


2 




2 




1 


1 


3 


3 


Food 


3 


3 


3 


3 


3 


3 


3 


3 


3 


2 


2 


3 


1 


3 


2 


2 


3 


1 


Tolerance of: 






































Acid soils 


1 


1 






2? 




2? 


1 








3 


3 










3 


Cold soil 


2 


2 


1 


3 


2 


1 


2 


2 


1 


3 


3 


2 


3 


1 


3 


3 


2 


3 


DrougJit 


3 


3 


2 


3 


3 


2 


2 


1 


1 


1 


2 


1 


1 




1 


1 


2 




Min. rain (mm) 


1-20 


150 


100 


100 


ISO 


60 


100 


30 


SO 


7S 


ISO 


60 


60 




25 


60 


7S 


lOG 


Coppicing abilit> 


2 


« 

1 


1 




1 


1 


1 


2 


1 




1 


1 


1 




2 






1 
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harvested profitably as boiler fuel, even with Hawaii's high costs of labor 
land, and water. Energy returns from a 1000 ha tree farm, harvested 
incrementally on a four-year cycle, were calculated to be 28.6 million kwh 
annually. Wood drying and use of high efficiency boilers could increase this 
value by 20%. 

Choice of luclwood for home use involves many considerations. Local 
preferences dictatd a wide array of species in the arsenal of the agroforester. 
Most simple stoves arc designed to accomodate long pieces of wood that are 
fed into the stove as they burn. Most labor- and encrgy-cfltcient stoves arc 
clcsed in order to minimize air intake, and so require specific, cut lengths. 
Split wood dries rapidly and is often favored over round wood, although 
marketing is conventionally by volume; not by weight. Irregular, heavily 
knotted woods(e.g.. many acacias, prosopis) are difficult to prepare or split as 
fuelwood, but may be preferred for charcoal. Smokiness, ash content, 
explosive inclusions, ihornincss. odor, and uniformity of burn can innucnce 
home fuelwood value. Many of these traits could be addressed profitably by 
the plant breeder and silviculturist. As an example, thornless mutants are 
found in several of the thorny mimosoids (Felker, 1979). 



GREEN MANURE AND NURSE TREES 

I eguminous shrub.s and trees arc of increasing interest as sources of "green 
gold" (Curr.-\.i, 1970) for the fertilization or nursing of both herbaceous and 
tree crops in the tropics. Green manuring of herbaceous crops is a sadly 
neglected area of tropical research. Legume trees like Uucaena mi Scsbania 
can be continously coppiced for harvest of leaf incaL The clippings, which are 
high in N. can be placed directly around an interplanted crop, or "cut and 
carried" for incorporation prio' to planting. Guevara. Whitney & Thompson 
(1978) showed that annual N yields of 0.5 t/ha can be obtained from Uucaena 
harvested every three months. Similar estimates may be inferred from earlier 
studies in the authors' laboratory. The availability of inorganic fertilizers has 
discouraged research on green manures in the tropics until recently. 
Definitive, quantitative data on N recovery and utilization from leguminous 
forage remains a serious need. Initial studies of R.A. Bradncld (personal 
communication) on leucaciia green manuring of maize at IRRl were very 
promising. Guevara (1976) later quantified this relationship in Hawaii, 
recording excellent maize yields and effective recovery of about AWo of the N 
applied as leaf meal. An extensive demonstration of these methods is 
underway by the Philippine National Food and Agriculture Council. Legume 
trees of special merit for green manure research include the widely used 
Seshania spp.. Ijrucai'm leucoccphala and Gliricidia sepiun, (annually 
deciduous): also Acada mcanmi. Albizia spp., Calliandra caloihyrsus. and 
Mi'Ansa scahrclla 
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TABLE 4. I'roperlics ol N-'fixiiij-. Ikcs in Univer.Mty of Hawaii intcmalional network trials. 



(ienus and Species 



Property 


''A 

■i i 


t? 

§3 


y s 




,2 

■a 5 






5 
."5 


2 

a*" 


a s. 

^ 


^ ss 

■§ 5 
Ll r 

r ^ 


, Leucaena 
dtrcrsifoUa 


.1 

s <^ 

Q <J 

u a 

n, •«. 

>J 


Mimosa 
scabrclla 




2g 
a = 


Schizolobium 
parahyba 


5 

•ii 

8 ^ 
«o 


Siicvifk" Kiavil)' 




65e' 




.63 


.33 


.58 


.65 


1.00 


.68 


.50 


.7.5c 


.55e 


.54 




.80 


,52 


.32 


.42 


Wood yield 
m''/ha.yr. 


15 


30 


20c 




40 


5 


50 


15 




8e 


8e 


25e 


45 




8e 


15c 


20 


22 


Average calonc 
value (Kcal/g) 












5.2 


4.6 


5.0 


5.0 




4.9 




4.6 












Av ,jgc aiiiiiial 
liricJit fjov^tli (III) 


?.(. 


IS 


4c 


2.0 


5.0 


1.4 


6.0 


2.1 


2c 


2c 


2Sc 


4.0e 


4.5 


4.5 


2.5e 


2.5e 


1.9 


3.3 


lieti^il at 
iiiatuiity (ni) 


M) 


M) 


2,S 


60 


45 


30 


10 


30 


30 


30 


10 


2U 


20 


15 


20 


45 


30 


10 


Dim at 
maiiitil)' (nil) 


01) 


2S 


.SOc 


3U0 


200 


200 


20 


30 


200 


200 


20c 


20c 


35 


30 


60 


180 


70 


30 



c rvMMUti'il tjliii" 
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The intcrplanting o( Icgiiininoiis trees as nurse crop to other trees evolved 
out of the tradition of .shading crops like coffee and cacao. Shade may in fact 
be a disadvantage oll«,et by the N-rich leaf drop in many plantations. Among 
the major nurse legumes for plantation crops arc Albizia larbomna. 
Erythrina spp., I'lcinin^ia congesta. Inga spp. and Leucaem spp. (diver- 
si/olia, leucocepha/a iind pitlvcrulenia). Flemingia is notable for its tolerance 
of acid rubber plantation soils, as is Acacia auriculifprmis. 

Tree legumes can also be used as living fences or support systems for other 
crops. Studies at the International Institute of Tropical Agriculture (in A) 
(1979) have demoastratcd the practicality of using Leucaenaas livnigsupport 
for yams, winged beans and other crops (e.g.. pepper, betel, vanilla, and 
passion fruit). 

FORAGE 

The leguminous trees commonly used for forage, following continuous 
clipping, include Cassia sturtii, Desimnthus virgaius. Lcucaena 
lettcoccphtila. and Scsluttm graiuiifJora. Foliage of other species is palatable 
to animals and could be recovered during wood harvest, e.g.. Acacia mearnsii, 
Albizia lebhek, (jlirifidia svpitim and Mimosa scabrella (see Table 4). 
J Lfiucai'iui, the moNt intcnsi\ely studied of the species listed above, can 

I produce 10-15 tons (dry matter) of forage per hectare annually (Brewbakerf/ 

al., 1972) when harvested regularly. The value of the foliage a.s co-product in 
fuelwood or pulpu ood harvest may be great enough in the case of I^ucaenaio 
encourage rse of chip-vacuum, leaf-meal recovery machines. 

Many of the 600 .'l<Y/r/rt.spp. bear phyllodes (expanded petiole.*!) as mature 
leaves that are generall) fibrous and unpalatable. Mimosine (in all Lcucaena 
spp.) and other alkaloids occur in some tree legumes and require caution in 
their use as forage. Breeding and management of the forage (e.g.. silage 
preparation) may oflcr sdliitions to these problems (Gon/alez. Brewbaker& 
Hamill. 1968; Ro.sas; Qtiintero & Gomez. 1980). 

UNIVKRSITY OF HAWAII TRIAL NETWORK FOR Nj-FIXING 
TREES 

1'he US National Academy of Science reports on A<'/«w/iaand on tropical 
legumes prompted an expansion of genetic resea ch in Hawaii on N,i-fixing 
; trees, prc\ inu.sly conlmcd to Lcucaena and Acaaa koa. A major thrust of the 

expanded .studies is to determine relative biomass yields of different species 
and varieties of leguminous trees. A trial network for Lcucaena was initiated 
in 1978, and expanded with USDA support in 1980 to include other species. 
The major species chosen for our studies are summarized in Tables 3 and 4. 
' All are considered relatively fast growing, with most spCLies exceeding 15 

mVha peryrofwood. Most arc hardwoods with high intrinsic value as fuel or 
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pulpwood. and several arc valued lor forage or lumber and craftwood Acid 
and unusually and soils, along with waterlogged and saline soils present 
primary challenges to the lorester. In this study Aa.cm aurkulifvnms wxs 
chosen lor relative toleianee to acidity and Prosupis pallida for relative 
tolerance to ariditv. 



Yield trial-s are planted with dense spacing (5000 or 1 0.000/ ha) using 3- to 4- 
month-old seedlings transplanted into small plots (minimally 28 m-") Trials 
use the augmented block design (l-edererA Raghavarao. 1975). and include 
several replications ol 10-15 species, but can include additional unreplicaied 
plots ol other species or treatments. This is a flexible design that 
accoimnodaics diver.se entries and treatments at different locations, yet 
permits the pooling of replicated data for calculations of variety x location 
and error terms. 

Initial results of .such international trials with Leucacena have been 
gratifying Giant varieties of /^-Mrt/f/ia provide some of the fastest growth and 
greatest ver.satilitj of the .rce legumes, probably equal to any nonlegurae 



RESEARCH IMPERATIVES 



With pcrliap.s a thousand poieiuially significant Nj-fixing trees to study in 
the tropics, wheic >;1m)iiU1 research emphasis be placed? It seems wise to focus 
on spoeies jiroviding both forage and fuelwood toMhc small farmer. Few 
nonlegumes beai consideration, and species achieving less than 2 in annual 
growth should be excluded, fhorniness must be considered undesirable, 
despite the protection it gives against animal depradation. The following 
dual-purpose species appear to deserve extensive collection, genetic 
evaluation, and site adaptability studies: 

Acaiia .spp. (see 'I able 2) 

Callhiihlra t titintiymis 

(i/iritulia \('/»////>i 

l.ctn (u'lia h'licoccpliiilti 

l'r,*\,'j>i\ spp ( lablc 2) 

Si-\haiii(i ^ruiiilijhra 
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APPENDIX F 



PRODUCTION OF FUELWOOD AND SMALL TIMBER 
IN COMMUNITY FORESTRY SYSTEMS-' 

Kenneth 6. M«cDicken ^' 

abstract: Fuelwood and small timber planti os have the 
same attributes as other forestry plantations, but are 
generally characterized by short-rotations, mort 
intensive aianaqeiaent . higher population densities, and 
higher yields. Several specific (nanageinent practices 
are discussed with regard to small farmer or community 
forestry production systems. Fuelwood yield data from 
four sites in Hawaii are presented, suggesting yields 
0+ /lOfii /ha/yr m one-year rotations are possible over 
a wide range of sites. 

INTRODUCTION 

Plantation production systems for fuelwood and snail timber can be as 
diverse as the sites on which the trees are grown or as varied as the 
inputs used to produce these products. However, cofflounity fueiwood and 
small timber plantations are generally characterized by shorter rotations, 
more intensive management, and higher mean annual wood yields than 
traditional forestry plantations. Community forestry plantations are most 
often small-scala plantings, and may involve small, scattered plantings by 
individual farmers. 

The shorter rotations and higher mean annual .ncreraents associated 
with community forestry plantations make the management problems of these 
Plantings siaiilar to those faced by agriculturists concerned with annual 
food crops. Often times these plantations are sited in areas with limited 
arable lands, or on sites which are marginally usable due to topographic, 
climatic or soil fertility problems. These land area and land gualitv 
constraints, coupled with the needs ot local populations for fuelwood or 
small timber, often demand the oaximumization of wood yields per unit of 
land area. This then requires the intensification of management. 
Establishment, mamtainence and harvesting operations are performed more 
often m tuelwood and small timber plantings than in other forestry 
Plantations, and thus require more intensive management of soil fertility 
and soil erosion risks than longer-rotation crops. 

The general steps required for plantation management of forastry tree 
species are siMlar regardless ot the rotation age, or management 
intensity. This paper will present several management aspects which are of 
particular importance to short-rotation fuelwood and small timber 
production in the tropics. 



-'paper presented at Regional Workshop on .Community Forestry. FAO/East-West 

Center, August, 1983. Nakor.^ Rachasiraa'. Thailand. 

2/ 

- Research Associate, Nitrogen Fixing Tree Association 
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WOOD YIELDS AND LAND AREA REQUIREHENTS 



Manners, communitv leaders and those associated with the manaqement 
of communitv forestry projects must have an idea of the land area reauired 
to meet local 'tuelviood and small timber needs before beginning production 
operations. In order to estimate these land area requirements, some 
estimate oi wood yields must be made. 

Wood yields are subject to tremendous variation due to a variety ot 
environi!tental and biological conditions. For estimation of fuelwoad 
requirements and production, additional variables such as specific gravity, 
moisture content and calorific values of the wood must be considered. The 
following wood vol '.me yields have been derived from four experimental sites 
in different environments in the State of Hawaii (Table 1). 

Table 1. Stem wood yields of selected nitrogen-f ixing tree species at one year 



^ Location 
Haimanalo Molokai ^ Waipio Niulii Mean 
Species m /ha/yr 



Leucaena leucoceohala 


49a 


68a 


24b 


4cd 


3.3 a 


Leucaenu diversifolia 


36ab 


42b 


32a 


14a 


8c 


Sesbania g,randiflora 


24bc 


57b 


20b 


6bc 


8c 


Calliandra calothvrsus 


12cd 


I2c 


3c 


8b 


8c 


Acacia auricul if ormis 


i5cd 


7c 


2c 


Id 


6C 


MEAN 


27b 


37a 


16c 


6d 


22 



- MAI from 1,5 vear calcutations 

Means followed bv the sane letter within each location are not 
significantly different at p=.05 level by Duncan's Multiple Range test. 

While lable 1 shows tremendous variation in stem wood yields between 
species Within sites, and between locations, at least one species yielded 
over 10 m /ha/yr at every site. The differences between species in these 
experiments demonstrates the need for careful consideration of site 
characteristics and species requirements. For example, improper species 
selection bv a farmer at the Niulii site could result in a decrease in 
productivity of over 1,300/.. 

Estimates of the land area required by small farmers or community 
forestry projects for meeting fuelwood needs are difficult at best. Major 
projects should not be initiated without some empirical vield data. A 
general estimate of land area requirements can be drawn from experimental 
wood yields of very short-rotations of one year. For example, assuipipg a 
family's average annual fuelwood cequirements to be 5 m /yr, the planting 
area required nught be from lUOOin to 5000m (Table 2). Plantings could be 
done in blocks or in rows along fences, hedges, bunds or other under- 
utilized areas. 

The estin>ates provided for perimeter plantings in Table 2 are very 
conservative since actual wood vields in perimeter plantings are 
undoubtablv higher per unit area than those for block plantings. Block 



J 70 



plantings require less total land area than permeter plantings, but allow 
very few intercropping options. Perimeter plantings require large total 
land area, but allow use of a greater proportion of that land area to be 
planted to other crops. 

Table 2. Estiiaated land area required to supply fuelwood for an average 
family of five. 



Annual wood yield Block planting 
(m /ha/yr) 



Perimeter planting 



10 
25 
50 



- ha - 
0.5 
0.2 
0.1 



- rai 
3.1 
1.2 
0.6 



- ha - 

12.5 

2.5 



rai 
78 
31 
16 



Land allocation to fuelwood production is a difficult problem in areas 
with severe land area limitations, yet one which must relate directly to 
the severity of fuelwood shortages. The difficulty in allocating suitable 
isnds for fuelwood plartinqs requires the following genaral steps: 

1. Community involvement in assessment of the need for 
fuelwood or sraall timber production to meet local needs. 
This involvement is crucial throughout the land allocation 
Process and subsequent plantation esiablishment; 

2. A preliminary estimate of the land area required to meet 
fuelwood requirements: 

3. Identification of specific parcels of land which might 
meet the estimated land area reouireinents: 

« 

4. Careful estimation of potential productivity on the 
Identified sites; 

5. Final site selection by con.munitv members. This step 
requires access by local decision makers to the technical 
information produced in steps 2-4. This information must be 
presented m a manner which is clear and easily understood. 

Once the issues associated with land allocation have been resolved, 
and a site selected, the process of plantation establishment and management 
can beoin. 



PLANTATION ESTABLISHHENT AND MANA6EHENT 

The success of fuelwood and small timber plantations is largely 
dependent i ion careful establishment and management in the earlv stages of 
growth. This is true of all types of forest plantations, but is of special 
importance in fuelwood plantations uti.lizinq nitrogen-f ixinq tree species 
(NFT) and several other fast-growing species due to their slow initial 
growth and the intolerance of these species to shading. Thus the major 
portion of labor and material inputs to community forestry plantihos should 



J 71 



be dur.nci the initial 12-18 months during which crucial establishment and 
Bianaaement oDerations must be carried out. 

The selection oi species and the proparation o+ planting materials are 
o-ften the least expensive operations in plantation management, yet are two 
0+ the most important. Serious consideration must be given to matching the 
environmental requirements of the desired species to the olanting 
environment. There are no "miracle trees" which grow well on all sites, 
vet there are generally tree species which are well adapted to all but the 
most extreme sites. The importance oi species selection to productivity is 
demonstrated by the data presented in Table 1. Likewise, varieties or 
provenances of species such as Eucalyatus camaldulensis or Leucaena 
UUESceahala might be selected for special environmental adaptatrons or 
product utilizations. 

Once species and varietal selections have been made, seed source 
selections must be made. Seed may be obtained from commercial sources or 
may be produced locally. Forest tree seed may be ranked into 5 general 
preferencu classes (Seeber and Agpaoa, 1976)! 

Preference Specifications 
Highest Rating 



1 From genetically superior trees, proven by 
progeny tests in zones where trees will 

be planted; 

2 From genetically superior trees, proven by 
progeny tests outside the planting zone; 

3 Not progeny tested, but seed was collected 
from rigidly selected trees or stands from 
localities with similar climatic and 
geographic features; 

4 Not progeny tested, but from natural stands 
and successful plantations of known 
geographic origin; 

5 Neither source certified or selected. 



Lowest 

Seed should be selected from the highest preference class possible. 
However, seed of most fast-growing tropical fuelwood species is only 
available from preference classes 3-5. 

Seed preparation practices are important in the establishment of 
fuelwood plantations, particularly in areas with distinct wet and dry 
seasons or in direct-seeded plantations where early, uniform germination is 
essential. The most important practice recuired to prepare seed of many 
fast-growing species for planting is scarification, particularly for many 
NFT species. Scarification is the process used to weaken the seed coat of 
hard-cated seed to allow water to penetrate and hasten germination. A wide 
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variety of scarification methods can be used, including: 



1. Mechanical scarification— using carborundum, files, fingernail 
clippers, or commercial drum scarifiers; 

2. Hot water treatments— soaki ng of seed in 80-lOOC water for short 
periods of time to soften the seed coat; 

3. Chemical treatment— sead are soaked in sulphuric acid and rinsed 
thoroughly in water. 

Scarification techniques vary with the quantity o+ see. to 
prepared, the tools which are available, and the type of seed to bs 
scarified, ihe general rule is to scarify seed so that the «eed coat is 
wealened enough to allow water to enter, and at the same time take care to 
avoid damage to the cotyledon and embryo. Other techniques to hasten 
germination such as cold water soaking, or alternate soaking and drying may 
be necessary for some species (Seeber and Agpoa, 1976). 

Plantations may be established from seedlings, stem cuttings, or 
direct seeding. Each of these types of plantings must be done during 
periods of adequate rainfall, and must be protected from weeds and pests. 
Seedlings of a number of fast-growing fuelwood or small timber species are 
slow starting, do not tolerate severe weed competition, and must be planted 
into well-prepared seedbeds to obtain the most rapid early growth. 

^ Weed control is the most important maintenance operation with fast- 
orowing fuelwood and small timber plantation species. The number of 
weedings which must be done may vary trawendously with site qualities, 
quality of planting materials and previous uses of the planting site. 
Generally, the more hot and humid the site, the smaller and poorer the 
quality of the planting stock, and the wider the spacing of the seedlings, 
the greater the number of weedings which must be done. Thorough site 
preparation, good guality planting materials, and high population densities 
are all mea.is of reducing understory weed competition. The greatest 
biomass productivity for a variety of species in short rotations have also 
been at high population densities (e.g. 10-40,000 trees per hectare), 
planted into well-prepared seedbeds (Henry, 1979; Van Den Belt, 1983). 

In the case of nitrogen-f ixmg tree species, nitrooen-f ixation is done 
by soil-borne bacteria in symbiosis with the tree. For this fixation of 
atmospheric nitrogen to take place, it is essential that these bacteria be 
present in the uoil. If the selected species have not been grown m the 
Planting area, inoculum containing these bacteria may need to be imported 
and mixed with seed prior to planting. Agricultural departments should be 
able to suggest available sources of inoculum. 

Fertilization is a practice used to increase production on millions of 
hectares of forest land every year (Ballard, 1979). Although escalating 
fertilizer costs may severely li,Tiit fertilizer use in community forestry 
projects, soil amelioration may be an important consideration when 
considering marginal lands, which may be the only lands available for local 
fuelwood or small timber production. Without some fertilization or 
amelioration many of these lands would be likely be very unproductive, with 
high failure rates, and disappointing end results. A single such failure 
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in a cominunity development project may mean a serious loss O'f confidence in 
the soonsoring aqency and make 'future development eHorts -far more 
diHicult. 

Simple experimental or observational plots with several rates o-f 
fertilizer or lime applied could prevent such failures and provide a very 
cost-efficient means of insuring future success. Although numerous 
problems exist in the diagnosis of fertilizer needs and optimum 
fertilization rates, it is clear that there are often significant responses 
to fertilizer at levels far belovi the optimum fertilization levels which 
mav allow the use of otherwise unsuitable sites (Hu, 1981; Weidelt, I976)t 
The use of nitrogen-f ixing species such as Leucaena jLeucocefihaU may 
virtually eliminate the need for nitrogen fertilizers, although the growth 
of leucaena and other NFT species may be limited in many parts of the 
tropics by phosphate or calcium limitations (Brewbatcer and Hutton, 1980; 
Hutton. 1983). 

Rogumg, or the removal of off-type trees is an important maintenance 
operation when plantings are to be used for seed collections, 

SUSTAINABLE PLANTATION HANA6EHENT 

FuelwQod plantations used in small fanner or community forestry 
systems in the tropics are generally characterized by short rotations of 
l,ess than 5 years. Cultivation of such plantations is often more intensive 
and nearly always less extensive than other types of forest plantations. 
Fast-qrowma tree species used in such plantations serve as nutrient pumps 
which remove nutrients from the soil and cycle them through the mechanisms 
of litterfall. rainwash from leaves, wmdthrow and decay of stems, branches 
and roots. This cycling process is interrupted by the harvest of a 
plantation just as it is by the harvest of agricultural crops. 

In order to sustain production on a single site, the negative effects 
of harvestina must be minimized ' .is can be done by attending to: 

1. Fertility management. Care must be taken to either retain as many 
Of the nutrients taken up by trees on the site as possible, or to 
replace nutrients which are removed. Nutrient losses miotit be 
minimized bv allowing harvested trees to dry on the site before 
removal to allow leaves to dry. fall off and remain on the site. 
Nitroqen-f ixinq plants might be used to improve and maintain soil 
productivity (Brewbaker, MacDicken and VanDenBelt, 1981; Haines and 
DeBell, 1979). Where the whole tree is of use off-site, an 
alternative would be to replace the nutrients removed with the tree by 
applying fertilizers, animal manures or green manures. 

2, Erosion control. Removal of the forest canopy can result in 
increased danger of erosion, and the further loss of plant nutrients. 
Soil erosion losses must be minimized by minimizing the risk of 
exposing soils to the erosive forces of rainfall and runoff. Harvests 
should be scheduled for periods-of little or no rainfall to reduce the 
risk of exposing bare soil to highly erosive rains. However, this mav 
become risky when regeneration by coppice regrowth is anticipated. A 
possible solution would be to harvest during periods of light rainfall 
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where adequate moisture is available to support coppicing. 

All farming operations run the risks of soil fertility depletion and 
soil erosion. Short rotation plantations of fast-growing trees are no 
different. While many soil conservation measures such as contour ditching 
may be beyond the financial capacity of most farmers or community forestry 
projects to implement, the proper selection of site and attention to 
vegetatively covering the soil during periods of heavy rainfall are low- 
cost Jieans of will greatly reducing the erosion hazard (El-Swaify, Dangler 
and Armstrong, 1982). 



CONCLUSION 

Community forestry production of fuelHood and sjnall timber requires 
particular attention to thoughtful assessment of the land area required to 
meet community fuelwood or small timber needs, careful selection of 
species, and intensive management of young stands. Plantation management 
in 5hort-rotation systems also neccesit^tes consideration of means to 
sustain productivity over time with a minimum of external inputs. 
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APPENDIX G 



Leucaena as a fallow improvement crop: 
A first approximation^ 



Kenneth 6. MacDicken 



Abstract 

Relevant literature regarding leucaena as a fallow improvement crop is 
reviewed and a comparison made between potential nutrient contributions 
of leucaena and actual nutrient contributions under other tropical 
secondary forest fallows. A description of a leucaena-based fallow 
system used in the Philippines is also presented. 



Paper presented at Workshop on Environmentally-Sustainable Agroforestry 
and Fuelwood Production with Fast-Growing, Nitrogen-Fixing, Multi-Purpose 
Legumes, November 12-20, 1981, East-West Center, Honolulu, Hawaii. 
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Introduction 



Numerous attempts have been made to solve the problems of site 
degradation due to shifting cultivation by focusing attention on improve- 
ment of the fallow period (Sanchez 1976). Indeed, that period wherein 
the physical and chemical properties of the soil are restored to a site 
has been called the key to the long-term success of shifting cultivation 
(Ewel 1976). 

Accumulation of nutrients and organic matter under various types of 
both mature tropical forest vegetation and fallow crops has been described 
(Greenland and Kowal 1960; Nye 1961; Jaiyebo and ^toore 1964; Juo and Lai 
1977). Such studies show that both the type and age of a fallow crop 
may greatly influence the fertility status of a site by the end of the 
fallow period. 

In recent years the leguminous tree Leucaena leucocephala (leucaena) 
has shown promise as an effective fallow improvement crop (Parfitt 1976; 
IITA 1980). However, there remains a lack of information on the effects 
of a leucaena fallow in shitting cultivation systems on such parameters 
as soil erosion and soil nutrient contributions. 

This paper is presented in two sections. Section I presents a brief 
review of the literature dealing with fallow improvement in general and 
more specifically with leucaena as a fallow improvement crop. Section II 
outlines a fallow improvement system utilizing leucaena which was developed 
in the Philippines. 
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Section I Fallow Crop Improvement 

The importance of accumulation of organic matter and nutrients 
during the fallow period under native vegetation has been studied and 
verified throughout the world (Greenland and Kowal 1960; Nye and 
Greenland 1960; Zinke, Sabhasri and Kunstadter 1970; Ewel 1971). 
A number of other studies have examined the changes in the soils chemical 
and physical properties under both arboreal and herbaceous fallow crops 
(Jaiyebo and Moore 1964; Parfitt 1976; Juo and Lai 1977). 

A number of attempts have been made to improve the efficiency of the 
fallfrf period by speeding up the nutrient accumulation process through 
the use of fast-growing species (Nye and Greenland 1960; Sanchez 1976). 

Jaiyebo and Moore (1964) found marked accumulation of exchangeable 
cations, nitrogen and organic matter under both planted herbaceous fallows 
and natural bush fallow. Little relationship between soil and plant Ca 
and Hg was found, but both the percentage and yield of N in the plants 
related closely to total N levels in the soil. 

Corn crop yields following these fallow crops were statistically the 
same as those following the bush fallow or tropical kudzu, but were 
markedly lower when proceeded by the grass fallow. A high correlation 
(r = .87) was found between soil organic matter content and corn yields. 

Juo and Lai (1977) also found an important relationship between soil 
organic matter content and productivity. They estimated that in order 

prevent deterioration of chemical, physical and biological properties 
of the forest soil through maintenance of humified and partially 
decomposed organic matter, some 10-20 MT/ha/yr of dry matter ./ould be 
required as a surface mulch. 
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It can be said then that in order to be effective, a fallow improve- 
ment crop should yield higher levels of N and accumulate more organic 
matter than the natural fallow it is to replace. In addition, the 
planted fallow must not produce effects which are deleterious to future 
plant growth or which enhance soil erosion. 

Additional criteria for selection of species for use in conrnniiy 
based agroforestry systems have been suggested by a number of writers 
(Weaver 1979; FAO 1977). Most important of these are: 

1. The capacity to produce foodstuffs and wood throughout 
the year. 

2. The ability to contribute to soil and water conservation. 

3. Low soil fertility requirements and are yet fast-growing. 

4. Co-products whicfe-are east:Ty stored. 

5. The ability to contribute to soil fertility improvement. 

Leucaena is one of many species which appear to meet these require- 
ments. Although extensive research iz being conducted on leucaena in 
Hawaii and throughout the tropics, the long-term suitability of the 
species as a fallow improvement crop remains untested. However, the 
prognosis appears good; thus far the only major problem- reported have 
been in areas where leucaena has been planted on sites to which it is 
not suited, or where it has been poorly managed. 

Leucaena As A Fallow Improvement Crop 

In determining whether or not leucaena as a fallow crop results in 
significant improvement of soil chemical' and physical properties, several 
questions must be addressed. 

-180 
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1. Does leucaena contribute significantly greater amounts 
of nutrients to the upper horizons of the soil than 
does secondary forest regrowth? 

2. Do these nutrient additions contribute to significant 
increases in subsequent crop growth? 

3. Are nutrient losses from a leucaena-based fallow system 
likely to be greater than those from a secondary forest 
regrowth fallow? 

Nutrient additions to the soil 

Several nutrient pathways have been identified in tropical forest 
nutrient cycles (Jenny et al 1949; Nye 1961) which must be assumed to 
be of the same relative importance under stands of leucs'^ia. These 
' pathways are: 

1. Litter fall 

2. Timber fall 

3. Root decomposition and nutrient excretion from roots 
and root nodules 

4. Rain wash 

Litter fall has been found to be the single most important pathway 
of nutrient transfer in tropical forests (Jenr.y 1949; Nye 1961; Golley 
1975), and may be assumed to be the most imporLant pathway under a 
leucaena fallow crop as well. The addition of large quantities of 
nutrients following the harvest of leucaena at the end of the fallow 
period is most likely of the greatest importance to the succeeding annual 
crop. For the purpose of this paper, only additions from litter fall and 
foliage left as a mulch at harvest will be discussed. 
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Although only limited data are available, litter fall rates under 
two-year old leucaena stands in the Philippines are reported to be 
nearly 13 T/ha/yr compared with less than 9 T/ha/yr for secondary forest 
stands (UHP 1980). These rates compare favorably with the litter fall 
rates of 7-15 T/ha/yr reported elsewhere for tropical secondary forests 
(Laudelot and I-teyer 1954i Nye 1961-, Golley 1975; Ewel 1976). 

The elemental composition of both fresh leaf tissue and senescent 
leaf tissue is generally higher for leucaena th.an for the mixed tropical 
forest vegetation analyzed by Nye (1961), Greenland & Kowal (1964) and 
Ewel (1976) (Table 1). 



Table 1. Mineral nutrient content of leucaena 

leaf tissue and mixed forest vegetation 





Site & type 
of vegetation 


elemental composition {%) 
N P K Ca Mg 


Source 


Hawaii 


leucaena (fresh leaves)^ 
leucaena (litter)— 


2.90 
1.91 


.15 
.11 


2.75 2.22 .40 
2.01 2.55 .38 


MacDicken 
unpublished 
data 1981 


Guate- 
mala 


1-yr old mixed 
forest (fresh litter) 


1.61 


.07 


.23 1.54 .87 


Ewel 1976 


Ghana 


Mixed deciduous (14 spp). 

leaf tissue 

litter 


2.52 
1.29 


.14 
.OS 


.85 1.54 .48 
.44 1.59 .31 


Nye 1958 
quoted in 
Greenland & 
Kowal 1960 



1) Based on a limited sample size. 



Leucaena litter was found to contain higher quantities of each of 
the major nutrients than those values reported for mixed forest fallows 
in Guatemala and Ghana. 

The estimated differences in the potential nutrient contribution of 
the litter to soil fertility between leucaena and natural secondary forest 
fallows are shown in Table 2. 

iS2 
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Table 2. Estimated nutrient return via litter fall 
under mixed forest and leucaena stands 



Type of 
Vegetation 


Age of 
Vegetation 


Dry 
Weight 
(T/ha/yr) 


N 


Mineral Nutrients 
(Kg/ha/yr) 
P K Ca 


Mg 


Source 


Leucaena 


1 Yr. 


12.91^ 


247 


14 


259 


329 


49 


UHP 1980, 
MacDicken 


Mixed forest 
( Guatemal a ) 


1 Yr. 


4.6 


74 


3 


11 


71 


40 


Ewel 1976 


Mixed forest 
(Ghana) 


40 Yrs. 


10.5 


199 


7 


68 


206 


45 


Nye 1961 



1) Based on litter fall observed in the Philippines (UHP 1980) 

It should be emphasized that the estimates presented for leucaena 
are preliminary in nature, and are based on a very limited sample size. 

As shown in Table 2, the total amount of nutrients assumed transferred 
to the soil surface under leucaena is generally much greater than that 
reported under mixed forest fallows. However, what is not known is what 
happens to these nutrients after they are deposited on the soil surface. 

Parfitt (1976) and Juo and Lai (1977) I /e reported several changes 
in soil chemical and physical properties under leucaena fallows. 

In studies done in Papua New Guinea, Parfitt (1976) reported an 
increase in soil nitrogen from .23% to .75% after two years of a leucaena 
fallow following one year of Ipomea batatas (Table 3). 

Table 3. Soil nitrogen status changes under sweet 
potatoes and leucaena in Papua New Guinea 

Cropping 

Site Crop Period ^ 

Si alum Imperata cylindrica .35 

Ipomea batatas 1 yr. .23 

Leucaena leucocephala 2 yrs. .75 



SOURCE: Parfitt, 1976 



1^3 
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It was further reported that undergrowth was virtually nonexistent 
at the end of the two-year leucaena fallow, presumably due to the shading 
effects under closed canopies. 

Juo and Lai (1977) studied the effects of a leucaena fallow upon 
selected soil chemical properties on an Alfisol in Western Nigeria 
(Table 4). 

Table 4. Exchangeable cations, CEC, Total N and pH 
of surface soil (0-15 cm) after 3 years 
under bush regrowth and leucaena fallow. 



Exchangeable Total 
cations 
(meg/lOOg) 





pH . 
(HgO) 


Effective CEC 
(meq/lOOg) 


Ca 


Mg 


r 


N 

% 


Bush regrowth 


6.5^ 


4.94^ 


3.34^ 


.89^ 


.42^ 


.130^ 


Leucaena 


6.4^ 


6.22'' 


4.12'' 


1.14^ 


.73^ 


.146^ 


LSO (.05) 


.36 


1.03 


.77 


.31 


.21 


1.032 



Source: Juo and Lai, 1977 

The leucaena fallow was found to have resulted in significantly 
higher effective CEC, exchangeable Ca ard K levels than did the bush 
fallow. In this experiment, leucaena foliage was cut annually and left 
as a mulch. The lack of significant improvement in total N suggests 
that much of the nitrogen in the leucaena leaf tissues is lost through 
volatilization, carried off in runoff and/or eroded sediments or is 
leached out of the surface horizons. 
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The significant difference in exchangeable calcium between soils 
under leucaena fallow and soils under bush fallow suggests that perhaps 
leucaena with its tap root system is more effective in bringing up cations 
leached from surface horizons than is the bush fallow. If this recycling 
of bases .is indeed the case, then such a fallow may be a practical alter- 
native to liming acid soils (Greenland 1975). 

Thus far, the discussion has focused on nutrient contributions during 
the fallow period. In shifting cultivation however, the greatest contri- 
bution in terms of available nutrients takes place. just prior to planting 
(Nye and Greenland 1964; Sanchez 1976). 

Often times this flush in the release of nutrients is due to the 
burning of felled vegetation. The system discussed here (Sec. II) does 
not require burning prior to the planting of annual crops. This is due 
' to the fact that virtually all of the undergrowth vegetation is shadert 
out by the time the site is cleared in preparation for planting, and the 
remaining leucaena stems are easily removed from the area to be planted. 
Burning may be desireable as a management tool in this system, as it is 
in a wide variety of other shifting systems, for a number of reasons such 
as improved seedbed preparation, more rapid release of nutrients, liming 
effects of the ash anu others (Ruthcnburg 1980; Rambo 1981). 

However, if fire were used in systems such as that described in 
Sec. II with trees which coppice as vigorously as leucaena, much of the 
advantage of coppice regrowth wou^d be lost due to mortality caused by 
fire. Nutrient losses of nitrogen and sulphur due to volatilization 
during burning would also reduce che amounts of those nutrients available 
following fire (Sanchez 1976). 

JR5 
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Assuming that clearing is done during the dry season and that 
burnim is not required and much of the wood produced during a leucaena 
fallow is removed from the site after clearing and drying, the release 
of nutrients from the remaining dry matter (leaves, litter, twigs and 
branches) would likely begin at the onset on the rainy season. This of 
course, coincides with the planting schedule generally utilized by 
shifting cultivators, thus providing nutrients for the newly seeded crop. 

Preliminary data from studies at the University of Hawaii indicate 
that up to 3.6 T/ha of dry leaf material are present in the canopies of 
one-year-old leucaena (Van Den Beldt, unpublished data). This provides 
a rough conservative estimate of the amount of material which can be 
expected to be left on the soil surface following clearing. 

Total nutrient contribution to the soil surface at clearing, assuming 
< the same approximate nutrient content as that shown above (Table 1), is 
shown in Table 5. 



Table 5. Total estimated nutrients transferred 
to the soil surface at clearing 
after a leucaena fallow. 



Vegetation 
type 


tsti mated 
dry matter 




Nutrient Addition 

(Kq/ha) 






(Kq/ha)^ 


N 


P K 


Ca 


Mq 


Leucaena 
(1 yr old) 


3,570^ 


104 


5.4 98.2 


79 


14.3 


Mixed Secondary 
forest - 
(18 yr old)"* 


6,502 


143 


7.8 80.6 




76.7 



1 ) Leaves only 

2) Source: Vdn Den Beldt, personal communication 

3) Source: Bar':holomew 1953, Belgian Congo 



3^6 
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With the exception of nitrogen, nutrient contributions to the soil 
surface at clearing of an 18-year old secondary forest fallow are very 
close to those estimated to occur following clearing of a one-year old 
leucaena fallow. 

Litter fall data from under secondary forest regrowth suggests that 
the quantity of leaf material produced significantly increases over time 
(Ewel 1976). Preliminary studies with leucaena indicate that leaf dry 
matter in the canopy also increases with age, a,t least during the first 
year (Van Den Beldt, unpublished data). 

Thus, nutrient additions from the harvest of a leucaena fallow of 
three- four years in age would likely be greater than those presented 
above in Table 5 for a one-year-old stand. 

How these incremental improvements in soil fertility affect subsequent 
crop yields is as of now an unanswered question. Work done with leucaena 
as a component of sedentary fanning systems suggests that leucaena as a 
green manure or intercrop does contribute to improved crop yields 
(Guevarra 1976; IITA 1979). 

Studies doneat IITA (1980) on maize yields following application of 
five tons of leucaena foliage per hectare as a mulch showed a 14% yield 
increase over the control. This suggests that application of leucaena 
leaves as a mulch should improve annual crop yields. However, as of 
yet, no comparison has been made to compare crop yields after a leicaena 
fallow with secondary forest regrowth fai.lows. 

Despite this, the improvements shown in Total N, CEC, Ca and K 
(Table 5) suggest that leucaena does contribute to restoration of soil 
fertility at a faster rate than secondary forest fallows, and that this 
improvement probably leads to increased yields in subsequent crops. 

, ' 1R7 
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Again, no data is available from which to estimate actual transfer 
of nutrients from the vegetation to tlie soil. Certainly, factors such 
as runoff losses, losses of eroded sediments, volatilization of N and S 
and leaching of nutrients will occur. However, it seems unlikely that 
nutrient losses under leucaena would be greater in proportion than those 
from under secondary forest regrowth. 

Then if this assumption is indeed valid, fertility restoration 
can be assumed to be greater and more rapid under leucaena than under 
bush regrowth. 

An additional factor which enhances the attractiveness of leucaena 
as a fallow crop is the relative ease with which it is managed. Secondary 
forest regrowth fallows are by their nature diverse in composition and 
spatial arrangement, making management difficult at best. Leucaena may 
be managed in a number of ways depending on the type of end product(s) 
desired. 

An example of the benefits of such management is the thinning of a 
leucaena fallow at approximately two years (Section II). Such thinning 
not only produces fuelwoodj but opens the canopy to prevent complete 
loss of ground cover through shading. The maintenance of vegetative 
cover reduces erosion (Wischmeier 1975, Dissmeyer 1981) and nutrient 
losses (Lai 1976, Vitousek et al . 1979). Indeed, a key element in any 
such fallow system must be management of the overstory in such a way 
that groundcover is maintained up until it is time for clearing and the 
erosion hazard is at a minimum. 

Potential disadvantages 

Although the opportunity for management is generally seen as an 
advantage, there also exists an inherent opportunity for mismanagement. 

■ J«8 
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The most obvious consequences of such mismanagement would be complete 
shading of understory vegetation, thus increasing the erosion potential 

Another potential problem is a possible increase in pests and 
diseases in a monoculture of leucaena. Although this potential exists 
in most monocultures, monocultures of common leucaena have existed for 
many years without reported incidence of major pest problems. 

Research needs 

Before the use of leucaena fallow systems can be widely advocated 
number of crucial questions must be addressed. These include: 

- Do leucaena fallows cycle nutrients as efficiently as 
native secondary forest regrowth? 

- Do the greater quantities of nutrients in leucaena 
litter significantly improve soil fertility and 
subsequent crop yields over and above the improve- 
ments made during secondary forest fallows? 

Concl us ions 

In summary, the expected advantages of a leucaena fallow over 
secondary bush regrowth fallows are estimated to include: 

1. Increased litter production with more rapid buildup 
of organic matter; 

2. Higher nutrient content of deposited litter which 
may result in more rapid buildup of nutrients in 
the soil ; 

3. Greater ease of managemertc; 

4. Greater potential for marketing of co-products 
(e.g. leaf meal, fuelwood, etc.). 

J 9.9 
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Potential disadvantages of leucaena fallow include: 

1. Increased potential for pest damage to fallow crop; 

2. Increased potential for environmental degradation 
due to mismanagement (e.g., increased sheet erosion 
due to complete shading out of ground cover). 

Section II A description of a leucaena-based fallow 

system used on the island of Hindoro. Philippines 

The fallow system outlined herein was developed for use on the 
island of Mindoro, Philippines. Its principle features are: 

1. A cropping season - fallow crop rotation similar 
to that used in traditional shifting cultivation 
with leucaena as the fallow tree crop. 

2. The rotation is based on a four-year cycle, with 
planting of leucaena stump cuttings taking place 
for only the first four years with one plot being 
clea-ed and planted per year. Annual crops are 
planted in the same field at the same time as the 
stump cuttings. 

The system is outlined in Figure 1. 

This system calls for the interpl anting of leucaena stump cuttings 
into a mixed rice and corn cropping system. Stump cuttings are used for 
three reasons: 

1. Stump cuttings are easily produced, transported, 
and planted by farmers with very little training. 

2. Since the stumps have no, foliage present at planting, 
and develop rather slowly for the first four-six 
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Figure 1. Cropping and management sequence utilizing leucaena as a fallow crop. 
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montbs, shading of the intercropped cereals is 
not a problem. 
3. Stumps as long as Im above the root cellar can be 
used, thus allowing very limited shading of the 
newly emergent leucaena foliage by the intercrop 
species. 

This nxjdel was selected for the following reasons: 

1. Simplicity - This system alters traditional 
practice in only three respects: 

a. Trees are planted along with the first 
crop of rice. 

b. Some management of the fallow is desirable 
(e.g. thinning). 

c. A rotation of <_ five years is established 
between fallow plots. 

Thus, fanners can utilize the planting' systems and 
crop species of their choice with little alteration, 
and little additional input of labor or capital. 

2. Reduction in the amount of land needed : 

The shortened fallow period allows farmers to 
return to a previously farmed site much sooner than 
with natural secondary forest fallows, thus decreasing 
the number of sites needed to sustain production. 

3. Potential for co-product utilization : 

With species such as leucaena a variety of co-products 
can be utilized (e.g. firewood, forage, etc.). The 
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conmunity in which this system was developed has 
marketed leucaena leaf meal during the dry season, 
and utilized woody stems as firewood, thus increasing 
their cash income and reducing the amount of labor 
spent on fuel wood gathering. 
Distributi on of income generating activities 
throughout the year. In cases where co-product 
markets are available or on-farm utilization is 
possible, off-season production is feasible (e.g. 
leaf meal production during the dry season), thus 
distributing income over a greater portion of th» 
year. 
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NITROGEN FIXING TREES: GENERAL INFORMATION 



1. DEFINITION OF NITROGEN FIXING TREES (NFT) 

NFT species may be defined as all woody species known to fix nitrogen, 
are perennial and over 3m in height. Also generally included in this 
definition are: 1) all woody species of the legume family even though 
confirmation that they individually nodulate and fix nitrogen may be 
lacking; 2) all species of other genera in which a species has been 
confirmed to nodulate or fix nitrogen (NFTA, 1983). 

2. TAXONOMY 

Species of the legume family (Leguminosae) include the vast majority of 
nitrogen fixing trees. Most of these species are ol" the subfamilies 
Mimosoideaa and Caesalpinoideae, and relatively few of the 
Papilionoideae. A high proportion of the tested mimosoids (98%) fix 
N, compared with the papilionoids (60%) and caesalpinoids (30%) 
(Brewbaker et. al., 1981). Nitrogen fixation has been measured in a 
number of other plant families including the genera Alnus, Myrica, 
Hippophae, and Casuarina (Bond, 1967). 

3. GENERAL CHARACTERISTICS 

NFT species often have multiple uses ranging from fuelwood, timber and 
pulpwood to green manure, animal fodder and food for human consump- 
tion. The foliage, flowers or seed pods of NFT are often usable as 
protein or nitrogen sources for other plants or animals, since they 
are often higher in nitrogen content than other non-nitrogen fixing 
plants in similar growing conditions. The generally higher foliar N 
content of many NFT species, as well as transfer of N from root nodules 
and rainwash often results in inprovement of soil nitrogen content. 
NFT are often aggressive, pioneer species which are able to grow more 
rapidly without N fertilizer inputs than non-nitrogen fixing species. 

4. IMPORTANT NFT GENERA 

Over a thousand species are considered to be nitrogen fixing trees, 
many of which little is known. Among the most important genera are: 



Acacia 


Inga 


Albizia 


Intsia 


Alnus 


Leucaena 


Call iandra 


Mimosa 


Cassia 


Myrica 


Casuari na 


Parkia 


Ceanothus 


Pithecellobium 


Dalbergia 


Prosopis 


Enterolobium 


Pterocarpus 


Erythrina 


Robinia 


Gleditsia 


Samanea 


Gl iricidia 


Sesbania 



A listing of the most economically important species is attached. 
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APPENDIX I 



ESTABLISHMENT AND MANAGEMENT OF NFT PLANTATIONS 

1. INTRODUCTION 

The success of NFT plantings Is largely dependent upon careful 
establishment and management in the early stages of growth in both 
experimental and field plantings. This is true of all types of forest 
plantations, but is of special importance in NFT plantation establish- 
ment due to the slow initial growth of many NFT species, and the intol- 
erance of these species to shading. 

2. PREPARATION OF PLANTING MATERIALS 

Although preparation of planting materials is often. one of the least 
expensive operations in plantation management, it is one of the most 
important. 

A. Species selection. Serious consideration must be given to 
matching the environmental requirements of desired species to the 
planting environment. There are no "miracle trees" which grow 
well on all sites, yet there are generally tree species which are 
well adapted to all but the most extreme sites. 

B. Selection of seed sources. Seed may be obtained from coimier- 
cial sources or may be collected or produced locally. Forest tree 
seed may be rated into the following classes: 

Preference 

H_i£hest. _Rati_n£ _ S£ea f.i cat.i o_ns. 

1 From genetically superior trees, proven 
by progeny tests in zones where trees will 
be planted; 

2 From genetically superior trees, proven 
by progeny tests outside the planting zone; 

3 Not progeny tested, but seed was 
collected from rigidly selected trees or 
stands from localities with similar cli- 
matic or geographic features; 

4 Not progeny tested, but from natural 
stands and successful plantations of 
known geographic origin; 

5 Neither source certified or selected. 
rowieTt"" 

Seed of most NFT species is available only from preference classes 3-5. 



B. Seed preparation. The most important practice required to prepare 
s;eds of many NFT species for planting is scarification. Scarification 
is the process used to weaken the seed coat of hard-coated seed to 
allow water to penetrate and hasten germination. A wide variety of 
scarification methods can be used, including: 

1. Mechanical scarification-using nail clippers, carborundum, or 
coirmercial drum scarifiers; 

2. Hot water treatment -soaking of seed in 80-lOOC water for 
short (5 min.) periods of time to soften the seed coat; 

3. Chemical treatment -seed are soaked in sulphuric acid and 
rinsed thoroughly in water. 

Scarification techniques vary with the f ^"^1*/ ^^/J^^brsclrifred''"^' 
tho tnnU which are available, and the type of seed to be scanriea. 
Ihl general rSles to scarifi seed so that the seed coat is weakened 
enoughTo allow water to enter, and at the same time take care to 
avoid damage to the cotyledon and embryo. 

^ian^lTrbfeSlS fro. seedlings, stej -ttlngs st^p cut- 
t nSs or direct seeding. Each of these types of planting must be 
done durng periods of adequate rainfall, and must be protected from 
2eeds a d pes? Seedlings of NFT species are often sow starting, 
do not tolerate severe weed competition, and must be planted into 
well -prepared seedbeds to obtain the moot rapid early growth. 

Since NFT fix nitrogen in cooperation with -5o;!;%^a^J?^^^^^^^ 

In fhe lanting a?ea. inocula containing these bacteria .ay need to be 
imported and mixed with seed prior to planting. 

<;inr« nhosDhorous is the most common limiting macronutrient for NFT 
s eel fert ? 'ai on with superphosphate or rock phosphate is often 
necesary for optimum yields. In more acid soils (e.g. 1e s than 
5!o) calcium deficiency may be a major limiting factor which can be 
remedied by additions of dolomite or calcium sulphate. 

w';ed''cortrorfs the most important maintenance operation The number 
of weedings which must be dSne may vary tremendously with site 

^sl:ne?^ni'p;orert"f liamy of the planting stock, the greater t 
number of weedings which must be done. 

Roauinq or removal of off-type trees is an important maintenance 
o?eraSion when plantings are to be used for seed collections. 
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APPENDIX J 
Country 



EVALUATION 



1. Please rate the following sessions of the workshop; 

Very Poor Fair Ave Good Excellent 
1 2 3 4 5 

Expectations 

Conunents 



Counterparts /WID 

Comments 



' Concepts of Agro- 
forestry (Vergara) 



Comments 



Ecology 



Comments 



Land Use Plann- 
ing 

Comments 



Very poor Fair Ave Good Excellent 



Tuesdays' Field 
Trip 



Comments 



Ecological, Economic & 
Social Advantage of 
Agroforestry (Vergara) 



Comments 



Nitrogen Fixing Trees 
Part I (MacDicken) 



Comments 



Nitrogen Fixing Trees 
part II (MacDicken) 



Comments 
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Very Poor Fair Ave Gooa Excel leni 



Agroforestry Project 
Planning (Vergara) 



Cononents 



Crops in Agro- 
forestry (Dupree) 



Comments 



Cattle Under 
Trees (Knight) 



Comments 



Agroforestry & 
fuelwood pro- 
duction (MacDicken) 



Conmients 
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Very Poor Fair Ave Good Excellent 



Sustained Pro- 
ductin. . . .in 
Agroforestry 
(Vergara) 



Commeata 



Extension (Dupree, 
Pillion) 



Conments 



Economics of 
Agroforestry 
(Vergara) 



Comments 



Nursery Manage- 
ment 



Comments 



4 
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Very Poor Faiy Ave Good Excellent 



Seed Collect- 
ion 



1 2 3 

Comments 



Grafting 



Comments 



Pruning 

1-23 4 

Comments 



Agroforestry 
project 



Comments 



, 4 



2. In length, the workshop was: 
[ 3 too short 
C j just right 
[ 3 too long 

Comments „ 



3. The technical level of the workshop was: • 
r 3 too simple 
C 3 just right 
[ 3 too technical 
Comments 



r „ ■ -- 

4. What session was most useful to you? 

5. What session was least useful to you? 

6. What other topics would you have liked in this workshop? 

7. What advantages/disadvantages do you see in training Peace Corps 
Volunteers and Host Country Colleagues together? 



8. Would you recommend that this type of workshop be done again in the 
future? Please explain. 



9. Do you have reconunendations of other sites for similar trainings in 
the future? 



10. Do you feel that the workshop achieved its goal? . 
- C 3 yes 
[ 3 no 

C 3 don't know 
Comments 



11 . Other comments and suggestions for the improvement of future 
training programs. 
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EXPECTATIONS 


1 
0 


2 

3% 


3 

14% 


4 
69% 


b 

14% 


COUNTERPARTS/WID 




6.5% 


28% 


56% 


9.5% 


CONCEPTS OF AGROFORESTRY 






3% 


35.5% 


61.5% 


ECOLOGY 


3% 


6% 


34% 


46% 


9% 


LAND USE PLANNING 


- 


7% 


40% 


46% 


7% 


rlbLU TRIP 


15% 


3% 


22% 


39% 


21% 


ECOLOGICAL, ECONOMIC 
& SOCIAL ASPECTS OF 
AGROFORESTRY ' 


- 


4% 


6% 


43% 


47% 


NITROGEN FIXING TREES I 


- 


4% 


- 


48% 


48% 


NITROGEN FIXING TREES II 


- 


- 


10%- 


48% 


42% 


AGROFORESTRY PROJECT 
PLANNING 




1% 


17% 


57% 


25% 


CROPS IN AGROFORESTRY 


- 


5% 


50% 


36% 


9% 


CATTLE UNDER TREES 


- 


11% 


33% 


31% 


25% 


AGROFORESTRY AND 
FUELWOOD PRODUCTION 


- 


3% 


8% 


61% 


28% 


SUSTAINED PRODUCTION 
IN AGROFORESTRY 




3% 


3% 


48.5% 


45.5% 


EXTENSION 


3% 


' 9%" 


31% 


35% 


22% 





1 


2 


3 ■ 


4 


5 


ECONOMICS OF AGROF (VESTRY 




6% 


26% 


44% 


24% 


NURSERY MANAGEMENT 




11% 


25% 


42% 


22% 


SEED COLLECTION 




11% 


35% 


43% 


11% 


GRAFTING 






16% 


45% 


39% 


PRUNING 




12% 


31% • 


54% 


. 3% 


A6ROF0RESTRY PROJECTS 






24% 


45% 


14% 
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Since 1961 v*hen the Peace Corps was created, more than 80,000 U.S. citizens 
have served as Volunteers in develooing countries, living and working among 
thP oeoDle of the Third World as colleagues and co-workers. Today 6000 PCVs 
are Involved in programs designed to help strengthen local capacity to address 
such fundamental concerns as food production, water supply, energy develop- 
ment, nutrition and health education and reforestation. 

Peace Corps overseas offices: 



BELIZE 

FHTTox 487 
Belize City ' 

BENIN 

Cotonou 

BOTSWANA 
P.O. Box 93 
Gaborone 

.BURUNDI 
c/o American 

Embassy 
Bujumbura 

CAMEROON 
BP dl7 
Yaounde 

CENTRAL AFRICAN 
REPUBLIC 
Bf* 1080 
Bangui 

COSTA RICA 
Apartado Postal 
1266 

San Jose 

DOMINICAN REPUBLIC 
Apartado Postal 
1412 
Santo Domingo 



FIJI 

or Box 1094 
Suva 

GABON 

Libreville 

GAHBIAJhe 
P.O. Box 582 
Banjul 

GHANA 

07"Box 5796 
Accra (North) 

GUATEMALA 
6a Avenida 1-46 
Zona 2 
Guatemala 

HAITI 

c/o American 

Embassy 

Port-au-Prince 

HONDURAS 
Apartado Postal 
Cr51 

Tegucigalpa 
JAMAICA 

9 Musgrave Avenue 
Kingston 10 



EASTERN CARRIBBEAN 
Including: Antigua, 
Barbados, Grenada, 
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Kitts-Nevis.St. 
Lucia, St. Vincent, 
Dominica "Erin 
Court" Bishops 
Court Hill 
P.O. Box 696-C 
Bridgetown, Barbados 
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Casilla 635 -A 
Quito 



KENYA 

OTBox 30518 
Nairobi 

LESOTHO 
P.O. Box 554 
Maseru 

LIBERIA 

Monrovia 

MALAWI 

OTffox 208 
Lilongwe 

MAL AYSIA 
TtT Jalan 
Raja Muda 
Kuala Lumour 



MALI 
07 85 
Bamako 

M AURITANIA 

Nouakchott 

MICRONESIA 
P.O. Box 9 
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MOROCCO 

1, Zanquat Benzerte 
Rabat 



NEPAL 

P.O. Box 613 
Kathmandu 

NIGER 

Niamey 

PAPUA NEW GUINEA 
P.O. Box 1790 
Boroko 

PARAGUAY 
Brasil 293 
(Esq. Mariscal 
Estigarribia) 
Asuncion 

PHILIPPINE S 

p";o. 5ox m3 

Manila 3129 



SOLOMON ISLANDS 
P.O. Box 547 ^- 
Honiara 

SRI LANKA 
50/5 Siripa Road 
Colombo 5 

SWAZILAND 
P.O. Box 362 
Mbabane 



TANZANIA 
6ox"dl73" 
Dar es Salaam 

THAILAND 
242 Rajvithi Rd. 
Amphur Dusit 
Bangkok 10300 



TOGO 

Lome 

TONGA 

Nuku'Alofa 

TUNISIA 
BP 96 

1002 Tunis- 
Belvedere 



UPPER VOLTA 
BP 537-Samandin 
Ouagadougou 



RWANDA 

c/o American Embassy 
Kigali 

SENEGAL 
BP 254 
Dakar 

SEYCHELLES 

BP~557 

Victoria 

SIERRA LEONE 
Private Mail Bag 



WESTERN SAMOA 
P.O. Box 880 
Apia 

YEMEN 
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Sana 'a, Yemen 
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ZAIRE 

BF197 
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